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ABSl'RACT Mcin\^ pt)pLilntiuns o( toads occurring between west-central Mexico and Panama ha\’e been 
reterred to Bufo coccifcr Cope, 1866. While tlie taxonomic status of these populations lias been questiojied for 
many decades, a thorough review ol tl^e />. coccZ/cr complex never has been presented. Based on evidence from 
external morphology and a partial molecular data-set, we conclude that this complex consists minimally of six 
species. I lerein, we recognize B. coccifcr Cope, 1866, B. lyclndai Lynch and Smith, 1966, and B. ilnvrni Stuart, 
1954, and describe three new species. 

Key WonU: Bufonidae; Bufo coccifcr, Bufo c\/clndcu, Bufo ibnrrui, Bufo pii^iutius, Bufo portcri, Bufo sii^nifcr; 

\ 1 esoa m e r i ca ; taxon o m 

KLSUMEN Muchas poblaciones de sapos qiie sc encuentran entre el oeste-central de Mexico y Panama 
ban sido referidas como Bufo coccifcr Cope 1866. Aunque el estado taxondmico de estas poblaciones ha sido 
CLiestionado por muchas decadas, nimca se ha presentado una rev ision completa del complejo B. coccifcr. Ln 
base a evidencia de morfologia external y una base de dates moleculares parcial, concluimos que esle complejo 
ccnisiste de al menos seis especies. Lj^ este trabajo, reconocemos B, coccifcr Cope, 1866, B. cycludcu Lvnch and 
Smith, 1966, y B. iburrni Stuart, 1954, y describimos tres especies nuevas. 

Pnlabras Clnvc: BufcMiidae; Bufo coccifcr, Bufo cycicidoi, Bufo ibnrrni, Bufo pisifiuus, Bufo portcri, Bufo s/yH/’/'er; 

Mesoamerica; taxonomfa. 


INTRODUCTION 


The taxon Bufo coccifcr Cope, 1866 currently is applied 
to toads that are distributed allopatrically in five regions 
of Mesoamerica (Fig. I): (1) the Tepalcatepec Valley, 
Michoacan, Mexico; (2) the Pacific slope of the Sierra 
Mad re del Sur in Guerrero, Mexico; (3) the southern side 
of the Isthmus of Tehuantepec, Oaxaca, Mexico; (4) nearly 
the entire Pacific versant from northwestern Guatemala 
to northwestern Costa Rica; and (5) western Panama. 
Additional records exist from the Atlantic versants of 
1 londuras and Nicaragua. Lhe distribution of these 
populations approximately matches the distribution 
of low elevation tropical dry forest (Rzedowski, 
1994; Campbell, 1999) in these regi(>ns. However, the 
population on the Pacific slope of tlie Sierra Madre del Sur 
is an excepticMi to this generality; these toads are found at 
moderate elewitions (ca. 1000 m) in relativelv wet pine- 
oak forest. (See Campbell and Duellnnan, 2000, for habitat 
description.) Cither records from more mesic, upland 
habitats include the mountains of central 1 londuras 
(McCranie and Wilson, 2002). An additional species, B. 
ibarrai Stuart, trequently has been assigned to the Bufo 
coccifcr (iroup (e.g., I rost, 1985). The taxonomic status 
and distribution of B. ibiirrai was reviewed hv McMulelson 
(2001); this species occurs primarih' in upland pine-oak 
habitats in Guatemala and is reported here for the first 
time in an adjacent region of 1 londuras. 

With reterence It) the bn>ad distribution of Bufo coccifcr, 
it has been suggested many times that these v'arious 
p(.>pulations likc*ly are m>t conspt'cific (Stuart, 1954a, 
1963; Duellman, 196t); Porter, 1963, 1965; Zweilel, 1965; 
Mcl4iarmid and I'oster, 1981; Mendelson, 2001; McC ranie 
and Wilson, 2002). Dunn and Stuart ( 1 95 1 ) a>mmented on 
the status of the t\'pe localitv U)i* B. coccifcr (" Arribo" Costa 


Rica: Cope, 1866:130) and suggested that the holotype 
likely originated from somewhere on the Meseta Central 
of Costa Rica; this referral was supported bv Savage ( 1974). 
Porter (1963) provided a range map and general diagnosis 
of B. coccifcr. Porter (1965) discussed the distribution of 
the species in more detail, observing that the populations 
in Michoacan, Mexico, and Oaxaca, Mexico, evidenth^ 
are allopatric — with a hiatus of approximatelv 140 km 
between records from Oaxaca, Mexico, and records from 
.southeastern Guatemala. Stuart (1954a:20) referred to 
chain of Bufo coccifcr-Wke toads" distributed through the 
subhumid habitats of Central /America, and specifically 
noted undescribed species in central Guatemala, and 
another in Guerrero and the Isthmus of Tehuantepec 
region c>f Mexico. Stuart (1954b) subsequenth’ described 
the populations in the upland pine-oak zone of Guatemala 
as B. ibnrrni. Lyncli and Fugler (1965) reported B. ibnrrni 
from I londuras. Subsequently, the taxon has had a long 
period of uncertain status, tv'pically being confused with 
B. coccifcr (e.g., comments by J. A. Campbell in Frost, 
1985:41). Mover and Wilson (1971) placed B. ibnrrni in 
the synonvmv' o( B. coccifcr. However, Mendel.son (2001) 
recognized B. ibnrrni as a distinct species, described the 
tadpole, and prov ided a new diagnosis and range map 
of records from Cjuatemala; also, he suggested that 
the species mav' be endemic to CTiatemala. Based on 
examination of specimens from Honduras, McCranie 
and Wilson (2002) suggested that B. ibnrrni does not 
occur in that countrv'. I.vnch and Smith (1966) referred all 
populations in Mexico tt) the new taxon Bufo cijclndoi and 
cited differences in the adv'erlisement call (IkIo Porter, 
1965) and ecology ol the Mexican and Central American 
populations. I low’ev’er, the morphologv of this taxon was 
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diagnosed poorly, w'itli respect to B. ibnrnii (see Mendelson, 
2001 ) and otlier populatic>ns leterable to B. coccifcr (I\>rter, 
1067). Ptirter (1967) criticized Lynch and Smith (1966) for 
not supporting their claims of morphological differences 
amtuig the populations and also claimed that there are 
no real ecological differences among the populations 
considered; l\)rter proposed this taxon to be a nouicu 
tiubiinu. 1 he taxonomic contusion surrounding B. cyclndcii 
is evident in the fact that the taxon appears on some recent 
checklists (e.g., Frost, 19S3), but m>t on others (e.g., I’lores- 
Villela, 1993; Campbell, 1999). 

Se \' e 1 a I a u t h o r s h a \'e d es c r i be d t h e m a 1 e a d \'e r t i so m e n t 
calls from various areas. Ft^ter ( 1964, 1965) described the 
advertisement calls of B. coccitcr fron^ the Tehuantepec 
region of Oaxaca, IVlexico, in addition to thc>se of toads 
iie referred to B. coccifcr recorded in Cjuerrero, Mexico, 
and sex'eral populations in Central America (FI Salvador, 
I ionduras, Nicaragua, and Costa Kica; Porter, 1965). T he 


various descriptions and comparisons of advertisement 
calls presented bv Porter (e.g., 1964, 1965) are difficult 
to interpret because he provided no voucher numbers 
for reci>rded specimens, and the detail ot iiis locality 
information is inconsistent. When tracking down specific 
locality data provided bv K, 1\. Porter, we found it useful 
to refer to recording station descriptions presented in 
his original, unpublislied dissertation (Porter, 1962:table 
1). Zvveifel (1965) first reported the presence of toads he 
referred to B. coccifcr in Panama and dc‘monstrated that the 
ad vertisement call of this population differed from those 
of both tlie Mexican (^ Isthmus ot Tehuantepec region of 
Oaxaca) and other Central American recordings that w ere 
published bv' Porter (1964). McDiarmid and Foster (1981) 
described additional advei tisement calls recorded in Costa 
Rica, and compared them to those reported from Mexico 
and Central America (Porter, 1965) and from Panama 
(Zvviefel, 1965); there are substantial differences in pulse 
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Kihk‘ I. Compiinson ot itingL's or imMns ot calls of the f^nfo coaifer complex from Jilfcrenl populations. The idontitv of the toads recorded 
trom Ilondiiras (Porter, P>h3) are unknown because the t)riginal paper prov ides neither reference to voucher specimens nor a detailed lt)calit\' 
description; there are at least three specie's in this group in 1 londuras. 
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rates and dominant frequencies among these samples. 
Porter (1966) described the advertisement call of B. ibiimii. 
The data reported by I’orter, Zvveifel, and McDiarmid and 
Foster are presented in Table 1 and summarized in Figure 
2. VVe are unaware of any recordings of populations of B. 
cf. coccifcr irom Guatemala or Michoacan, Mexico. 

The calls of male toads from the Sierra Madre del Sur 
of Guerrero and the Tehuantep^ec region of Oaxaca have 


higher dominant trequencies than calls ot all other sampiles. 
The call of the toad in Guerrero also has a higher pulse rate 
than all other rep>orted calls. Note, however, that the data 
from Guerrero are based on a recording of six separate 
calls by the same individual. These data were used, in 
piart, by Lynch and Smith (1966) to justify recognition of all 
Mexican populations (including p>op>ulations in Michoacan, 
Guerrero, and Oaxaca) as a sp)ccies (B. ci/c/mfc//) distinct 
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from B. coccifcr in Contrdl America. A cnll described by 
Zweifel from Ptmc'imd differs drtimatically from all 

others by having a mucli lower pulse rate. The relationship 
between the calls from Oaxaca and Central America is 
interesting in that they have distinctly different ranges 
of dominant frequencies and somewhat different (but 
overlapping) ranges of pulse rates, flowever, we note 
that the Central America data do not include recordings 
from Guatemala — the closest geographic region southeast 
of the Oaxacan population. Recordings from Guatemala 
may diminish the apparent distinction between the 
advertisement calls from the Tehuantepec region of Oaxaca 
and Central America. Porter ( 1%6) described the call of B. 
ihnrrai from Guatemala; this species differs from all other 
populations in the B. coccifcr complex by ha\ ing a very low 
frequency and pulse rate (Table 1). 

In their description of Biifo ajchiiicn, Lynch and Smith 
(1966) placed great diagnostic importance on variation in 
calls bet>veen Mexican and Central American populations. 
VVe note that their summary of calls from Mexico Avas a 
composite of data from both Guerrero and the Telniantepec 
region of Oaxaca (data published by ITirter, 1964, 1965; Table 
I ). VVe ha\ e concluded that these toads from Guerrero are 
not conspecific with those from Oaxaca (discussed below). 
Gerguset al. (1997) described call variation among toads of 
tlie B, ttiicrosciipjJuis complex; thev reported wide variation 
in some parameters and an overall pattern of apparent 
plesiomorphic similarity among allopatric species. There is 
no reason to expect drastic differences in mate-recognition 
systems among allopatric members of a complex of closelv 
related anurans with similar natural histories (Gergus et 
al., 1997). Nevertheless, there are apparent differences in 
tlie advertisement calls of toads of the B, coccifcr complex 
that suggest diagnostic differences in the mate-recognition 
systems of these allopatric populations. 

All previous workers (abow citations) have expressed 
frustration in delimiting species in this complex, which 
is characterized by advertisement calls that varv among 
populations and subtle morphological differences. An 


expressed or implied consensus of these authors is 
that a thorough revision of the Biifo coccifcr complex is 
long overdue. In this paper we use data from external 
morphology and male advertisement calls (previously 
published) to delimit species boundaries among samples 
referable to the widespread taxon B. coccifcr. VVe also present 
a preliminary assessment of phylogenetic relationships 
among the species in the group, based on mtDNA data 
from several of the species. 
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MATERIAL AND METHODS 


General terminology and measurements are those of 
Mendelson (1997). Adult maU‘s were identified by the 
presence of x’ocal slits and nuptial excrescences; large 
individuals lacking these characters were presumed to be 
adult females. If sex could not be determined externally, 
it was verified by direct observation of the gonads. 
Foot-webbing formulae follow the system of Savage 
and Heyer (1967), as modified by Myers and Duellman 
(1982) and Savage and Heyer (1997). The general format 
of the descriptions and diagnoses is slightly modified 
from that of Mendelson (2001 ). Museum codes are those 
proposed by Leviton et al. (1985). VVe follow Tyler et al. 


(2001) in our usage of the term "'parotoid gland." Data 
from advertisement calls were taken fre^m the literature 
(referenced below'). 

Mt^RmoMLTRie Data 

The follow ing measurements w vro taken from adult 
specimens: snout-vent length (SVL); head length (HE); 
head xvidth (HW); tibia length (TIB); toot length (FL); xvidth 
of tympanum (TYM); length of parotoid gland (PARE); 
maximum w'idth of parotoid gland (PARVV); and length of 
supratympanic crest (SPTYM). These variables represent 
repeatable iiKirphological landmarks and w'ere measured 
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with digital calipers and ri)iinded to the nearest 0.1 mm. 
Because ot the paucity of large series of temales irom many 
localities, all morphometric analy ses are based only on 
adult males. Many of the data for Bufo ibarrai are the same 
presented by Mendelson (2001), but supplemented with 
additional material from both Guatemala and Honduras. 

We conducted a Principal Components Analysis 
(I’CA) using the co\ariance matrix on log-transformed 
morphometric measurements from 324 adult male toads; 
this data-set included specimens representing all species 
and geographic regions of the distribution of the Bufo coccifcr 
complex. We also performed a PCA on the residuals of the 
latter seven wiriables derived from a regression analysis 
(using SVL as the independent variable). This type of PCA 
remo\ es the effect of size, and displays general variation 
in shape and proportion among the specimens (Good and 
Wake, 1992). We performed a Linear Discriminant Function 
Analysis (LDA) on the same data-set, and used residuals 
of variables regressed on SVL and log-transformed SVL. 
in this analysis, a priori groupings corresponded to the 
species recognized in this paper (Accounts of Species, 
below). Statistical analyses were performed using SAS 
and Minitab software. 

Mol rx'ULAR Data 

We conducted molecular analyses on all available 
samples, which included five specimens of Bufo coccifcr (4 
from Central America, 1 from Guerrero, Mexico) and two 
specimens of B. iharrai. Additionally, one specimen of each 
of the following species was included as outgroup taxa: 
B. coiiifcrus, B. valliccps, and B. wariuus. The selection of 
these outgroup taxa was based on preliminary analyses of 
a data set containing approximately 25 species of Central 
American bufonids (Mendelson and Mulcahy, in prep.). 
Sections of the mitochondrial genes cytochrome-b (c\ t-b) 
and 16S were used in the molecular analyses. Isolation and 
PCK amplification of the mitochondrial DNA (mtDNA) 
genes were performed exactU^ as described in Mulcah\' 


and Mendelson (2000), which includes primer information 
and amplification profiles. Products from the PCR were 
amplified and sequenced in both directions using BigDye™ 
Terminator Cycle Sequencing Ready Reaction Kit (Applied 
Biosystems Part No. 4303152); we used the same PCR 
primers and standard sequence-reaction profile on a Perkin 
Elmer GeneAmp 2400 cycle sequencer. Cleaned sequences 
were then run on an ABl 377 autoniated sequencer by 
DGM at the Biology Department at Utah State University. 
Sequence comparisons and alignment were conducted 
with Sequencher 3.1. 

Phylogenetic analyses of the mtDNA sequences 
were conducted using PAUP* 4.0b8a (Swofford, 2002). 
A partition-homogeneity test of 100 replicates was 
implemented in PAUP (using default parsimony settings, 
with the exception of addition-sequence being random 
with 100 replicates) between cyt-b and 16S gene regions to 
determine whether or not the two genes yielded conflicting 
results. Maxin^um-parsimony analyses (MP) were 
performed on each gene separately and both combined. 
The program Modeltest (Posada and Crandall, 1998) was 
used to evaluate the best Maximum-likelihood model, using 
the Hierarchical Likelihood Ratio Tests (hLRTs) criterion. 
A iVlaximum-likelihood (ML) analysis was then conducted 
using the model and settings based on the hLRTs results. 
Because of the limited number of taxa in the phylogenetic 
analyses, an exhaustive search was possible, and used in 
the MP analysis, while the ML analysis required a heuristic 
search algorithm. Gaps were treated as "'missing data," 
with characters-state optimization set at ACCTRAN. 
Branch support was assessed by nonparametric bootstrap 
analyses using 1000 replicates of full heuristic searches, 
with 100 random additions at each replicate, under Mi^ and 
100 replicates of full heuristic searches, with 10 random 
additions under the ML criteria. Decay indices (Bremer, 
1994) were also measured under the parsimony anabasis 
using the program TreeRot (Sorenson, 1996). 


ACCOUNTS OF Si^EClES 


We used data from advertisement calls, morphometry, 
external morphology, and DNA sequences to examine 
variation among samples of the Bufo coccifcr complex. 
These data are consistent with the "chain of Bufo 
cocci fcr~\\ke toads" <.listributed thriuigh the subhum id 
habitats of Central America that Stuart ( 1954a) envisioned. 
Evaluation of our data with respect to the I ,volutionary 
Species Concept (sensu Wile\', 1978; f rost and Hillis, 
1990) supports recognition of six species in this complex. 
Our propc^sed taxonomy reflects the sentiments ol the 
many authors (e.g., Stuart, 1954a, 1963; Duellman, I960; 
I\>rter, 1963, 1965; Zweitel, 1965; McDiarmid and Foster, 
1981; Mendelson, 2001; McCranie and Wilson, 2002) who 


ha\x' dealt with these toads during the last five decades. 
We provide species accounts and diagnoses for B. coccifcr, 
B. cifcladcu, and B. iharrai, and describe three new species 
from this complex; photographs of these species in life are 
presented in Figure 3. 

Bufo coccifcr Cope 
Figs. 3-5 

Bufo coca for Cope, I lololypc: USWI lype locality: 

“Arriba" C osla Rica 

Bufo coccifcr — Dunn and Lmlen, RC'^2, Kellogg, 602; Martweg and 
r")li\er, 6M0; Dunn and Stuart, Smith anti Taylor, 194S |in part]; 

Merlens, 602; Tav lor, }9=>2; Stuart, 604b; Rand, 1937; Duellman, 1960; 
l\)rter, 1965 |m part]: Stuart, 1965; Porter, 19M; Pt>rter, 196.3 lin part]; 
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Fig. 3. Species of the Bufo cocafer complex in life, clockwise from upper left: H. cocafcr trom Santa Rosa, Costa Rica (adult male; photograph 
by Andrea Bernecker); B. ci/cladini from Guerrero, Mexico (adult male, UTA-JRM 4607; photograph by F R. Mendelson); B. ibnrrni from Baja Verapaz, 
Guatemala (female, KU 186304; photograph bv F A. Campbell); B. p/s//m»s from Michoacan, Mexico (adult male, from LMMZ series; photograph 
b\^ \V. E. Diiellman); B. portcri from Francisco Morazan, Honduras (subadult female, KU 103220; photograph by \V. E. Duellman); B. (adult 

female, AMNFl 6%25; photograph by R, G. Zweitel). 
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1 vnditind I Ligler, I’orliT and Porter, 1%7; NUn erand Wilson, 1S)7I 
I in part|; \'illa, U>72; Savage, P>74; MeDiarmid and Foster, I9S1; Villa, 

Frost, I in part]; Sa\ age and \‘illa, 19So; \‘illa et aF, 19SS; (in 
parti; C ampbell and \annini, PFS9 |in part); Flores-X’illela, U>93 |in part); 
Campbell, I9W [in part]; Kohler, 1999; Mendelson, 2001; Frost, 2003 jin 
part); MeC ranie and Wilson, 2002 [in part]; Sa\age, 2002. 

Bufo cycUuU'ii — 1 vneh and Smith, 19 (a(i [in part, lor referenee to 
specimens tri>m lehiiantepee region ot Oaxaca, Mexico]; Frost, P)S.3 [in 
part]; 1 rost, 2003 [in part]. 

Bnfo thiirrm — l.ynch and Fugler, [in part]. 

i'a//iccps micre/is — Werner, KS9h (synom’mv bv Mendelson, 

2001 ). 

Diagnosis. — A medium to large species ot Bufo 
(males to 62 mm SVL; females to 82 mm SVL) having 
the lollowing combination ol characters: (1) tympanum 
evident externally, about 35-45' e diameter ot orbit in males 
and females; (2) canthal, supraorbital, supratympanic, 
postorbital, preorbital, pretympanic, parietal, and 



supralabial crests pre.sent; (3) cranial crests well developed, 
robust, except parietal may be thin, low, or absent in some 
specimens; (4) tibia short, about 35' o SVL; (5) feet .short, 
about 35% SVL; (6) dorsal tubercles small to medium 
sized, elevated, rounded, scattered relatively sparsely 
on middorsal, dorsolateral, and lateral regions of body 
becoming more densely arranged and distinctly spinose 
laterally in specimens from most regions; (7) ventral 
tubercles granular, smooth, or with spinose apices; (8) 
lateral descending row of enlarged tubercles absent; (9) skin 
texture not sexually dimorphic; (Ul) vocal slit unilateral in 
male; (11) intcrln/oidcus poorly differentiated from ;//. 
inicrmandilmUiris, but differentiated posteriorly forming a 
large, unilobed \ ocal sac with heavy black pigmentation; 
(12) snout rounded in lateral profile, pointed in dorsal 
aspect; (13) parotoid glands round to ovoid and large, about 



I ig 4 1 )iM 's.il timl vciilr.il jspoOsol iuliilt sjH’C^m*n^ Bufi* ohi ih i \rou^ KclalhiilciiW .UiUcnuKi (nicik*, IcH. I T.\ A-23S2 1 , S\ 1 

^7 n mill, lrm«iU‘, ngliF L F\ A-29D23, S\ 1 7‘^.0 mm) iiiul B iuchuh ii 1mm C iirtivio, Mexico (niiilc, lell: L MM/ 1133^7[\\1 1) '^>273], S\ 1 S3.S 

mm, U iiKili'. nghl I MM/ 119270 \\\ 1 D 14423], S\ I (0 4 mm). 
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I ij;. 5. Lateral aspects ot the heads ot adult male specimens ot Bufo 
Locafcr (upper: kL f-)3400) and B. cuclndc}] (U>\ver: KU ^t74s4). Scale bars 
- 1 cm. 

1 .0-1 .3 times size ot eyelid; (14) skin between cmnial crests 
on top of head with teu' to many scattered, low, rounded 
tubercles; (15) ventral cedoration whitisln cream, sometimes 
with some degree of diffuse dark pigmentation, sc)metimes 
in the form of diffuse punctuations. 

Specimens referable to Biifo cocci fer vary considerably 
in size, shape, coloration, skin texture, and parameters of 
the advertisement call across the range of the species. Bnfo 
coccifcr differs from B. ci/clndoi by: being larger (males of ik 
cychiiic}! to 34 mm SVL, females to 62 mm); hav ing dorsal 
tubercles that are relativ'ely small and scattered about the 
dorsal surfaces, rounded on dorsum, becoming spinose 
laterally in most spx'cimens (tubercles large, elevated, 
and densely arranged in /k cyclndcu, rounded doi'sallv, 
becoming very spinose laterally); ventral tubercles that 
are smoothly granular or with sn^all, spinose apices 
(ventral tubercles in B, n/cladcu with distinct, large 
spinose apices); relatively well developed parietal crests 


that rarely are absent (parietal crest weakly developed in 
B. cycliidcu, sometimes absent); and an advertisement call 
with a lower pulse rate (Table 1 ; Fig. 2). Bufo coccifcr can be 
distinguished from fk pisiwws by: being larger (males of 
/k to 31 mm SVF, females to 62 mm); and having 

skin tubercles that are overall larger (all tubercles minute 
in B. pisiwiu^), Bufo coccifcr mav be distinguished from 
si^uifer by having: no, or few, relativelv indistinct dark 
brown markings on the venter (that of B. s/y;///cr boldly 
marked with a marbled pattern); relativelv thicker and 
higher cranial crests (all crests relatively low and thin 
in B. s/yH/'/cr); and an adv'ertisement call with a higher 
frequenev' and pulse rate (Table 1; Fig. 2). Bufo coccifcr 
differs from /k ibnrrtii by: being smaller (males of B. 

ibnrrtii to S2 mm SVL, females to mm); leaving rounded 
to subovoid parotoid glands about 1. 0-1. 3 times size of 
eyelid (parotoid glands distinctly ovoid, about 1 .3-2.0 
times size of eyelid in B. ibarnii); and males usually with 
dorsal tubercles becoming spinose laterally and females 
with rounded tubercles middorsally (dorsal tubercles of 
males of B. ibiimii rounded laterally, and females with 
spinose middorsal tubercles). Bufo coccifcr differs from 
B. porferi by having: sharply spinose lateral tubercles in 
males (rounded in males of B. porferi); and a relatively 
thin supratvmpanic crest (large, bulbous in B. porferi). 
Morphometric variation is summarized in Table 2. 

Distribution and Ecology. — Bufo coccifcr occurs along 
the Pacific versant of Mesoamerica, from the Cjuatemala- 
Mexico border to the Guanacaste region of Costa Rica 
(Fig. 6). Additional records exist from interior valleys on 
the Atlantic versant of Honduras and from the Atlantic 
coastal regions of Flonduras and Nicaragua. McCranie and 
Wilson (2002) erroneouslv reported this species from the 
Atlantic versant of Guatemala; there are no records from 
this region. An apparentlv isolated population occurs in 
the southwestern region of tlie Istlnmus of Fehuantepec, 
Oaxaca, Mexiccx This species ranges from sea level to 1433 m 
(Savage, 2002; record from Cartago, Costa Rica) and occurs 
in a variety of tropical dr\^ forests and savanna habitats. 
Duellman (1960) provided pl^otographs of the habitat 
and some natural history observations from the Isthmus 
of ieliuantepec. McDiarmid and Foster (1981) described 
the reproductive biolog\' of a population in northwestern 
Costa Rica. T he ecological notes provided by McCranie 
and Wilstin (2002) for Honduran populations represent 
mixed observations pertaining to B, coccifcr, B. ibiirrm, and 
B. porferi. Sav age (2002) provided a concise summarv c^f 
the ecology of this species, based on observations from 
Costa Rica. 

Tadpole. — McDiarmid and Foster (1981) and Savage 
(2002) described tadpoles from Costa Rica and provided 
illustrations. 
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I.ihle 2. \U>rph(>mL’tric wiriiUu^n males anti temali's (rom ol the Btifo cocafcr complex; mean ± SD is presented above tiie range (in mm). 

Data tor l\ iharrm taken, in part, ln>m Mendelson (2001). 



H. CiKCifcr 

B. cycladcn 

B. ihtmai 

B. p/si/un/s 

B. porten 

B. 

Males 

n 1 30 

u 30 

n - 79 

» - 21 

u - 43 

n - 21 

S\'l. 

SI. 4 M.S 

51.1 ^ 2.2 

62.2 ± 9 1 

45.9 ^ 3.2 

49.6+4.6 

51.2 ±6.4 


4I.()-h4.4 

47.4-54.2 

42.5-82.4 

38.5 51.4 

40.2-58,7 

42.0-64.1 

Tibia lenglh 

1S..S - l.O 

1 8.4 ± 0.9 

24.1 ±3.6 

15.9r 1.4 

18.4 ± 1.8 

17.9 ±2.3 

13.3-22..S 

I6.e^20.1 

1 5.7-3 1.8 

13.0-18.0 

15.2-21.7 

1 5.0-23.4 

Foot lenglli 

hS.I t l.O 

18.3 + 0.7 

24.6 i 3.8 

16.9 4 1.3 

18.8 + 1.8 

lcS.2 ± 2.3 


l3.l-23.^) 

16.9 19.8 

16.3 33.4 

14.8 19,2 

15.7-22.7 

13.7-2.3.1 

I lead length 

l7.cS t i.s 

18.0 + 0.9 

20.8 + 2.8 

15.1 + 1.0 

16.7 r 1.4 

17.4 - 2.0 


1 3.6-2 1. 6 

16.7-20.9 

15.3-26.5 

12.9-17.1 

14.0-20.0 

14.7-22.2 

I lead widtii 

20.3 T 2.4 

20. 1 ± 0.9 

23.9 T 3,1 

17.3^ 1.4 

18.9 r 1 6 

19.8 + 2.4 


TS.O 27.cS 

17.6-21.8 

16.2-30.8 

15.1-20.2 

15.7-23.0 

16.6-24 9 

Tympanum 

2.3 + 0.5 

2.7 ±0.3 

3.7 i 0.7 

2.3 ± 0.3 

3.0 ± 0.4 

3.1 -0.4 


1. 3-3.7 

2.1 -.3.3 

2.7-5.3 

1.8-2. 6 

2.2-3. 5 

2. 5-3.8 

Supratvmpanic 

3.2 ± O.S 

2.7 ±0.3 

3.5 ±0,5 

2.6 + 0.3 

3.1 +0.3 

3.0 + 0.4 

erest 

2.0-M.4 

2.2-33 

2..3-5.2 


2. .3-3.7 

2.1 3.8 

F\irotoid lengtii 

6.3 H 1 .0 

6.9 + 0.5 

7.8 + 1.5 

5.4 - 0.6 

6.3 ± 0.9 

6.3 ± 1.2 


4 .3-8.7 

6.0-4. 8 

,3.2-11.0 

4. 1-6.5 

5.0-9.0 

2.S-8.8 

Tarotoid width 

6.6 ± 1. 3 

6.1 ±0.6 

5.7 + 0.9 

5.3 + 0.5 

5.1 +0.7 

6.0 i 0.8 


3.7-9. 5 

5.0-7. 2 

3.5-7.4 

4. 5-6.2 

3.8-{').7 

4. 6-7. 7 

Females 

n - 25 

}} - 6 

U 61 

}} - 5 

n - 14 

n - 11 

S\l 

67.7 ± 7.6 

59.8 ± 2.8 

78.4 + 7.6 

59, 1 ± 3.3 

64 5 ± 5.8 

67.2 + 8.3 


58. 1 -82.4 

54.6-62.9 

60.8-94.4 

55.4-('.2.2 

56.4-73.0 

54.5-77.0 

Tibia length 

22.2 + 2.4 

20.0 ± 1.6 

28,7 ±3.0 

18.7± 1.1 

22.5 ± 2.2 

23.0 + 3,4 


1 8.8-28. 1 

18.3-22.3 

20.2-32.8 

18.0-20.6 

18.7-27.2 

17.7-26.5 

Fool length 

2I.0 ± 2.2 

20.4 ± I.O 

28.7 ± 3.7 

20.3 r 1.3 

22.5 + 1.9 

23.1 t 3.7 


1 7.9-27.2 

19,4-22.1 

1 9.6-34 I 

18.8-21.7 

19.6-26.5 

17.0-26.8 

I lead length 

22.2 ± 2.2 

20.7 ± 1.6 

25.2 ± 2.1 

18.8 - 0.9 

20.9 ± 2.0 

22.6 ± 2.5 


19.2-26.8 

18.9-22.8 

19.8 28 5 

17.(>“19.7 

18.0-25.9 

18.4-25.9 

Head length 

25.3 ±2.5 

23.0+ 1.5 

29.5 ± 2.8 

21.9^ 1.2 

23.9 ± 1 .9 

26.1 - 3.4 


22.5-31.5 

21.1-24.4 

21.5-33.3 

20.6-2.3.7 

21.5-28.3 

20.9-29.4 

Tympanum 

3.1 t 0.6 

2.8 ± 0.5 

4 1 + 0.5 

3.2 ± 0.1 

3.5 ± 0.5 

3.6 ± 0.4 


2.1 4.2 

2.2-3. 5 

3.0-5.4 

3.1 3.4 

2.6^.5 

3. 1-4.3 

Supratympanic 

4.3 + O.S 

3.1 ±0.2 

4.5 f 0.7 

3.4 + 0.3 

3.9 + 0.6 

4.0 ±0.7 

crest 

2.‘‘)-6.2 

2.S-3.4 

2.9 (1.0 

3.1 3.8 

3.0-5. 2 

.3. 1-5.2 

Tarott'id length 

7.4 ^ 1.3 

7.6 + 0.8 

8.4 + 1.5 

6.8 ^ I.O 

8.3 ± 08 

7.8 + 1.3 


5. 4-9.9 

6.5-S.5 

3.0-11.7 

5. 9-8. 4 

6. 8-9. 9 

5. 5-9.9 

Farotoid width 

7.4 - I.l 

6.9 t 0,8 

6.3 ^ 0.9 

6.6 - 1.0 

6.6 + 0.4 

7.7 + 1.0 


5.7- 10.4 

6.2-S.4 

4.1 8.2 

5.(>-7.S 

6.1-7.2 

5.4-9.0 


Remarks. — C oliir photographs ol this species appear 
in Leenders (2001 :pl. 7), Savage (2002:pl. 77), and Villa 
( 1972;lig. 57). IMair's (1965) reference to Bufo coccifcr in his 
discussion ot tlie e\Tilution of North American biifonids 
is unclear because he dcu's ned gi\e the pro\(Miance of 
(he toads he analwed. bvneh and Smith (19n0) referred 
specimens Irom the Tehuantepec region of Oaxaca, Mexia^ 
to B. ('{/( liuicn; howm er, this desigutition vwts not iollowed 
by most subsetjuenl authors (l\)rter, 1967). loads from the 
lehuantepec regic^n are distinct and allopatric, w ith respect 
t(^ the toads we refer to B. cuclmicii on the slopes of the Sierra 
\ladrc‘ del Sur in C iuerren> and w'estern CXixaca. 

1 here are no records ol Bufo coccifcr from tlu* Pacific 
Coastal Plain of Chiapas, Mexico. Despite the hick til 
records in this region, we note that much ol the region 


sei’ins to be suitable subhumid habitat. Subhumid forest 
and scrub habitats extend along the coastal plain here, but 
grade into more humid forests along the base of \olcan 
Tacana (jedmson, 1989; R/edowski, 1994). Although the 
lone specimen trom Tapachula appears to ha\e been 
found in a humid region, w e note that the historical humid 
forests (\V. \i Duellman, pers. comm.) along the coastal 
margin of Wlcan Tacana ha\ e been completeK' com erted 
to crop and pasture lands (pers. obs.). Further fieldwork 
along the Pacific C\)astal Plain of C hiaptis is warranted 
to \ erif\ (he allopaliw of (lie population ot B. coccifcr in 
the Isthmus of Tehuanatepec, with respect to conspecitics 
in Ciuatemala. lohnson (1989) implied that B. coccifcr 
occurs along the Pacific C\xistal Plain of Chiapas, perhaps 
based on rectirds fixim Soconiisco, Chiapas, that were 
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listed by Porter (1%3); these records tictLuillv represent 
misidentitied specimens reteroble to B. valliccps. The single 
specimen trom Tapachuln, Chiapas (MVZ 177394), is a 
recently metamorphosed specimen that originall}' was 
misidentitied as B. Iiictkciii. 4’his record seems to be tl^e 
source ot information that resulted in B. ///c/Cv// being listed 
incorrectly as part of the Mexican herpetofauna {Johi'json, 
1989; Flores-\411ela, 1993) — B. luctkciii does not occur in 
Mexico. Johnson (1990) correctly stated that records of B. 
coccifcr from theCrijalva \blley of Chiapas, Mexico, \yere 
based on misidentitied specimens. 

Bufo ci/iiaiioi Lynch and Smith 
Figs. 3-5 

Bufo cyclihlcn L\'nch and Smith, L'lMXIl S7142. 

Typo locality : 3 mi (4.S km] S Pvitia de CiutTivro, (\i\aca, Mexico. 


Bufo ci/clniicu — Pt^rter, [declared iiowni dubiinu\: Frost, 1*^85 |in 

parti; Frost, 2003 |in part). 

Bufo cocafer — Smith and Ta\ lor, l‘-MS [m part]; Porter, l‘->^3, 10h3 |m 
part]; X'llla et al., DkSS [in pari]; i lores-Villela, [in part|; C ampbell, 
IW [m part]. 

Diagnosis. — A small species of Bufo (males to 54 
mm SVL; females to 62 mm S\T), lia\4ng the following 
combinat ion of cha racters: ( 1 ) txo'n panu m e\4d en tex ternal 1\; 
about 40-50' diameter of orbit in males, about 40-45'7 
in females; (2) canthal, supraorbital, suprat\’mp‘>anic, 
postorbital, preorbital, pretympanic, and supralabial 
crests present; (3) cranial crests w’ell dex'eloped, robust, 
except parietal crest thin, low, or absent; (4) tibia short, 
about 34'7 SVL; (5) feet short, about 34 'r. SVL; (h) dorsal 
tubercles medium tr> large-sized, elcnated, rounded, 
densely arranged on middorsal region, becoming large 
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tind conspiauHisl\' spimisc latorallv; (7) x entral tubercles 
ivlatix'clx' granular, with ccMispicuous spinosc 

apices; (8) lateral descending row of enlarged tubercles 
absent; (9) skin texture not sexually dimorphic; (10) 
x'oeal slit unilateral in male; (11) tu. infcrinfoidcu^ poorly 
ditferentiated from in. intcnnnndihulm'i>, but dilterentiated 
posteriorlx* forming a large, unilobed vocM sac with 
hea\'\’ black pigmentation; (12) snout shape rounded in 
lateral view, pointed in dorsal view; (13) parotoid glands 
round to ox oid and large, about 1.5-2 times si/e of eyelid; 
(14) skin between cranial crests on top of head with few 
to manx' scattered, low, rounded tubercles; (15) ventral 
coloration whitish cream, with scattered dark brown, 
indistinct to distinct, punctuations in some individuals. 

Biifo cychidcn may be distinguished fixMu all other 
members of the Bnfo coccifcr Ciroup bx' the combination of: 
its relativelx' small size; relatix ely large, scattered, rounded 
tubercles on the middorsum; large, spinose tubercles on 
the dorsolateral and lateral surfaces; relatively large, 
spinose tubercles on the venter; large parotoid glands; 
weakly dex'eloped (or absent) parietal crest; and presence 
of scattered, dark brown punctations on the v'enter (but 
this last character is x'ariable among specimens). 

Bufo ci/chidcn differs from B. coccifcr by being smaller 
(males of B. coccifcr to 62 mm S\^L, females to 82 mm), 
and possessing the following characters: large, elex ateci, 
denselx' arranged middorsal tubercles (middorsal tuber- 
cles relatively small, scattered in B. coccifcr); large, 
stronglx' spinose dorsolateral and lateral tubercles 
(d(M*sc>lateral and lateral tubercles smaller in B. coccifcr, 
variably rounded or moderately spinose); relatively large, 
strongly spinose x entral tubercles (ventral tubercles small, 
rounded, or with tiny spinose apices in B. coccifcr); weakly 
dex'eloped, or no, parietal crests (parietal crest relatix'elx' 
well developed in most specimens of B. coccifcr); and an 
adxertisement call with a higher pulse rate (Table 1, Fig. 
2). Biifo ci/clthlcn tliffers from B. pisiinws by hax ing: much 
larger, distinctly spinose dorscdateral tubercles (smaller, 
more rounded in B. /J/s//////es) and relatively larger 
parotoid glands (! 1.5 times si/e of eyelid in B. pi^inniis). 
Superficiallx', B. ci/cfndcn resembles B. siynifcr, but it is 
smaller (males ol B. >iynifcr to hA mm SVL, teinales to 
77 mm) and has the following fiMtures: a whitish-cream 
x enter, with or w ithout scattered dark brown punctations 
(xenter w ith bold brown-black marbling in B. <iynifcr); 
and smaller and less spinose tuberck's oxxu'all (but this 
latter character is somew'hat x'ariabk' and subjectixe). 
Bufo ci/chulcn di Iters from B. ihiirrui by: being smaller 
(males of B, ihiirrui to 82 mm S\4., females to 94 mm); 
hax'ing males with conspiciuuislx' spint)se dorsolateral 
and lati'ral tubercles; haxing relatix'elx’ larger, more 
tlenselx' arranged midLloisal tubt*rcles (all such tubercles 


relatix ely small, scattered, rounded in males of B. ibarrai); 
and having rounded middorsal tubercles in females 
(tubercles spinose in females oi T. ibarrai). Bufo c\/cladc)i 
ditfers from B. porlcri by: having sharplv spinose lateral 
tubercles in males (rounded in males of B, portcri); and 
relatively thin supratx mpanic crests (large, bulbous in B. 
portcri). Morphometric x ariation is summarized in Table 

Distribution and Ecology. — Bufo ci/dadcn occurs in 
a relatixxdy narrow elexational band along the Pacific 
slope of the Sierra Mad re del Sur in CTierrero and Oaxaca, 
Mexia^ (Fig. 7). Most specimens hax e been collected at, 
or near, Agua del Obispo, Cjuerrero. Although commonly 
cited in the literature, Agua del Obispo does not appear 
on most maps because it is a prix ate hacienda; it is located 
near the 1000-m contour (1718' N, 99' 28' W) along the 
old highway between the towns of Tierra Colorada and 
Chilpancingo, Cjuerrero. One other series (including 
the holotvpe, UIMNH 57142) is known from Putla de 
Guerrero, Oaxaca;thislocality liesatanelexationsimilar to 
that of Agua del Obispo, Guerrero, about 150 km (airline) 
eastward on the same slope of the Sierra Madre del Sur. 



Kilometers 

100 ° 


1 ig. 7. \I<ip ot aMitrnl Mexico \\ ilh dot localities tor Uufo cifiliuicu 
and H. pi'>wnu^ (see species acccuint below) indicating specimens 
i*\»imimx]. which rc'presenls all known localities. 
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ITesumtiblv, the distribution of this species is continuous 
cilong tlie middle-elevntions of this slope, between these 
two localities. Campbell and Duellman (2000; h)) described 
the habitat at Agua del Obispo as 'h..an area of scattered, 
small pines and brush that appears to beecotonal betw een 
tropical deciduous forest, which is found slightly below, 
and pine-oak forest, which is present in the mountains 
above." Field work in this region by JRM and associates 
in 2000 and 2002 reinforced that B. cyclniicn seems to be 
restricted to this ivarrow, ecotonal Iiabitat. In this area, we 
encountered: B. and B. nninuorciis at the lowest 

elevations between Acapulco and near Las Cruces; only 
B. miinnorcu^ in the vicinity of Tierra Colorada (±'-H)0 m); 
B. niiirinus and B. cychuicn near Agua del Obispo; only B. 
pcrpIcxK^ in the Zumpango del Rfo/Chichihualco area; 
and only B. occidcntalis at high elevations (over 2000 m) 
near Carrizal de Bra\ o. Davis and Dixon (1065) reported 
some additional records of Bufo from along this transect, 
but we haw not verified the identifications of those 
specimens. The sporadic appearance of B. funriniis along 
this transect is noteworthy; we also note that Davis and 
Dixon (1065) did not report this species from anywhere in 
the area. 

Tadpole. — The tadpole of B. iychidoi is unknown, as 
are aspects of its reproductix'e biology. Davis and Dixon 
(1065) reported females collected on 22 June "...contained 
numerous small eggs." 

Remarks. — The type localitv for this taxon is near 
Rutla, Oaxaca, Mexico, which is located at about 750 m 
elevation on the Pacific slope of the Sierra Mad re del Sur; 
specimens designated as paratypes were collected at the 
tvpe localitv and from around Agua del Obispo, Guerrero, 
Mexico (Lvnch and Smith, 1066). However, these authors 
referred all Mexican populations of B. coccifcr to this new 
taxon (thereby including populations of three different 
species of toads, which we liave identified as B. coccifcr, 
R. c\/chidcn, and B. /?/s///////s). Furthermore, it is evident 
from their map (Lynch and Smith, 1066:fig. 2) that their 
comparati\^e samples of "B. coccifcr" from CTiatemala, 
1 londiiras, and Micaragua mav have included specimens 
that we recognize as B. coccifcr, B. ibarrai, and B. portcri. 
Owing to this confusicin, the diagnosis of B. cychidcn 
presented in the original description has not been widely 
accepted (Porter, 1067; McDiarmid and Foster, I0(S1; 
Frost, 1085, 20U3). We apply the taxon B. cyciadco only to 
those populations on the Pad tic slope of the Sierra Mad re 
del Sur of Guerrero and Oaxaca, Mexico. It seems likelv 
that the confusion associated with B. cychidcn is the result 
of authors' ha\'ing inadx'ertently compared a varietv of 
different species in their efforts to distinguish B. coccifcr 
and B. cychidcn. Mendelson (2001) provided additional 
comments on this pnTTlem. 


Bnfo ibarrm Stuart 
Figs. 3, 8, 9 

Hufo ihnnm Stuart: 1 1 lololypo: LMM/ lOSOHO, TvfX* localil\’ 
Ast*rraduri^ San I.oivnzo [about 12 airline km slightly East ot North ol 
|alapa|, jalapa, Ciuatemala, 1725 m. 

Bufo coaifcr — Cope, ISS7|in part|; Meyer and Wilson, 1M71 jin part]; 
C ampbell and Vanmni, DrSM [in part]; Campbell, 1 W) |m part]; MeCranie 
and Wilson, 2002 [in parti 

Bufo ibiimii — Lvnch and I ugler, [in partj; I’orter, 1‘mst, 

Campbell, I W); Mendelson, 2001; Frost, 2003. 

Bufo fuiavti> — Sclimidt and Stuart, DMl [in part, tor reterence to 
LIMMZS40S31. 

Diagnosis. — A large species of Bnfo (males to 
82.4 mm SVL; females to 94.4 mm S\T), having the 
following combination of characters: (1) tympanum 
e\'ident externally, about 45L diameter of orbit in 
males, about 4tL7 in females; (2) canthal, supraorbital, 
supratymp^anic, pxistorbital, preorbital, pretympianic. 




Fig. 8. Lateral aspects ot the heads ol adult male specimens ot Bufo 
ibarrai (upper; kLf 38413) and B. p/.s/m/z^s (lower: UMMZ WED 233723; 
hoIot\ pe). Scale bar 1 cm. 


14 


Sni NTii K P\im;rs. iV vriRAi History Mi si;i m/I’iii- Um\ i rsit'* oi K\\s\s 



l ii;. I )orsai cind wnti'c)! dspiTts ot rt-presc-nttUivo tiJiiU spocum*ns of Pitfo ihaniii Ironi IX‘['»artcimonto ( .u.itomala, Cjiiatcmala (male, left; LTA 
'\-25823, S\ I mm; U-maK', right: LTA A-47S72, S\'l mm) and B. pi>mnii>> from Miclioacan, Mexico (male, left; LMMZ 115333 [W ED 

1, SN'L 43.5 mm; female, right. I'MMZ 121'^7S, SVI (10.4 mm). 


pari(.‘tol, ond siiprolabial crests present; (3) cranial crests 
well dexeloped, parietal crests low, thin, sharply angled 
medially; supratx’mpanic crest large, bulbous; (4) tibia 
short, about 4^^ S\4.; (5) feet short, about 40^,. S\'L; (6) 
middorsal tubercles sparse, rounded, bect>ming spinose 
lateralb' in females, all dorsal tubercles in males rounded, 
usually indistinct or absent laterally; (7) \ entral tubercles 
areolate, non-spinose in males and fineK' spinose in 
females; (8) lateral descending row ol enlarged tubercles 
indistinct or absent; (9) skin texture’ scwiialb dimorphic; 
(lO) \’ocal slit unilateral in male; (II) /;/. intcrln/oiilcus 
p(H)rl\' differentiated from ///. infcynunhlihulnri^. but 
dilterentiated posteriorly forminga large', unik)beel x'oeal 
sae with variable amounts e)f pigme’ntatiiMi; (1 2) snout 
sha[X‘ roundeel in lateral \ iew, weaklx pointed in elorsal 
\ie‘w; (13) parotoid glands large, ovoid, length about 
2 times si/e ol eve’liel; (14) skin betwevn cranial crests 


usually smooth, lac'king tubeivles; (I5) ventral e'e>le)ratie)n 
dull cream with some diffuse gray me)ttling in some 
inehvieluals. 

Ihtfo ibarnii is the' largest species in the /T cocci fer Group 
anel eliffers Irom all species except /T portcri b\': having 
relatix el\' massive cranial crests, with the supiatx'mpanic 
crest being eiistincth' bulbous; anel ha\4ng sexual 1\' 
eiimorphic skin texture with eiistincth reumeieel lateral 
tubercles in males and spinose lateral tubercle's in temales, 
Biifo ibiinni closely rese'mbles /T jnulcri but elilfers b\” being 
larger (males to 82.4 mm S\' L and females to 94.4 mm S\M. 
\ s. 39.9 mm in males anel 7h.2 mm in females); anei ha\ ing 
thecaiielal musculature' c4 the tadpole uniteirm palebreiwn 
(cre'am and he'a\ il\ punctate'd with brown in /T portcri). 
Me>rphometric \ ariation is summari/e'd in Table 2. 

Dislrilnilion aiul ecology. Bufo ibnrriii occurs at 
mode'iate elex'ations (I3('i0~1980 m) in the highlaneis e>f 


Toads oi tiii. Bvk) coccii u< Comi’I i \ 


15 



indicatinv; spL’Cimen^ examined 

central and southern Guatemala (Mendelson, 2001), and 
new information presented Iiere extends that range into 
contiguous regions of Honduras (Fig. 10). The Honduran 
localities range up to 2020m elevation, and all represent 
Premontane Moist f’orest (e.g., McCranie and Wilson, 200J : 
pl.2E) or Lower Montane Moist Forest (e.g., McCranie 
and U^ilson, 2001:pl.4E) and lie in the western ranges of 
the Southern Cordillera Region (sensu McCranie and 
Wilson, 2001 ), in the departments of Intibuca, Lempira, and 
Ocotepeque (Fig. 10). These discoveries refute Mendelson's 
(2001 ) premature speculation that B. ibmrai ma\' be endemic 
to Guatemala and refute McCranie and Wilson's (2001) 
conclusion that B. ilnirnii does not occur in Honduras. 

Tadpoles. — The tadpole was described b\' Mendelsc>n 

( 2001 ). 

Remarks. — Altliough MendeKon (2001) discussed 
diagnostic features that distinguish B. coccifer c\nB B. ibarrai, 
he did not present multi\ ariate anah'ses of morphometry. 
In addition, Mendelson's (2001) research was ba.sed onh^ 


on specimens from Guatemala. During the course of this 
stud\‘, I'l'ic N. Smith kindlv sent to us specimens ot B. 
ibarnii he collected in Ocotepeque, Honduras. These toads 
are consistent with the diagnosis presented by Mendelson 
(2001 ) and have a similar (0.67' ^ di\ ergent) mitochondrial- 
DNA sequence to B. ibarnii collected at the opposite end of 
tlie range of the species, in FI Quiche, Guatemala. We also 
discowred additional specimens from western Honduras 
airK)ng museum collections (Appendix II) that match the 
diagnosis prov ided by Mendelson (2001 ); these specimens 

Bufo pisiimtts new species 
Figs. 3, 8, 9 

Bufo coaifcr I\)rtor, [in part]; F rest, |m pari]; \'i!la et al.. 
I‘-FS8 |in part|; F loivs-X'illela, |in parti; Campbell, IWM [m part]; 

Frost. 2003 [in part|. 

Bufo ii/ihuicu Lv'nch and Smith, [in part, tor roterence ti> 

specimens trom Michoacan, Me\ict>]. 

Holotype.— UMMZ 233723 (WED 10973), an adult 
male from h.2 mi [10 km] E Apat/ingan, 1 100 feet [335 m] 
elevation, obtained bv W. E. Duellman and R. E. Etheridge 
on 2 August 1956. 

Paratypes. — All from Michoacan, Mexico: b.2 mi [10 
km] E Apat/ingcin, 1100 ft [335 m] (UMMZ 115353 [15 
specimens]); 7 mi [11.2 km] E Apatzingan, 1 100 ft [335 ni] 
(UMMZ 112794 [6 specimens), 115355); 1 mi [1.6 km] W 
Apatzingan, 1100 ft [335 m] (UMMZ 115354); 3 mi (4.8 
km] S Lombardia (UMMZ 121578). 

Diagnosis. — A small species of Bufo (males to 51 
mm SVL; females to 62 mm SVL), hav ing the following 
combination of characters: (1) tv^mpanum evident , 
about 35-40 'e diameter of orbit in males, about 40-50L' 
in females; (2) canthal, supraorbital, supratympanic, 
postorbital, p^reorbital, pret)^mpanic, supralabial crests 
present, parietal crest a thin ridge, or absent; (3) cranial 
crests weakly dev\4oped, thin, low; (4) tibia short, about 
34Ly SVL; (5) feet short, about 36L' SV'L; (6) dorsal 
tubercles small to medium sized, low, rounded, relativelv* 
denselv arranged middorsallv^ becoming smaller and 
spinose laterallv; (7) v^entral tubercles tinv', evenlv 
granular, appearing smooth, especiallv^ in males, but tinv^ 
spinose ap^ices ap>parent under microscope; (8) lateral 
descending row of enlarged tubercles absent; (9) skin 
texture not sexuallv^ dimorpihic; (10) vocal slit unilateral 
in male; (11) ///. iutcrln/oidciis psoorly differentiated from ///. 
lutcnuivniibularis, but differentiated p>osteriorlv’ forming a 
large, unilobed vocal sac with heavy black p'>igmentation; 
(12) snout shapx‘ acutelv rounded in lateral view, sharp>ly 
p>ointed in dorsal v iew’, snout shap>e in females similar but 
more gently rounded in lateral view; (13) parotoid glands 
ovoid, about 1.0- 1.5 times size (^f eyelid; (1 4) skin betw'een 
cranial crests on top> of head usually with rnanv’ scattered, 
low, rounded tubercles; (15) ventral coloration usually 
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immaciildto \vhitisli crotim, some individuals with tiny, 
scattered black decks. 

Biifo /7/s/;/;///s can be distinguished from all other 
members of the coccifcr Ciroup by its small si/e, and 
possession of: relati\'el\- weakly de\ eloped cranial crests, 
the parietal crest appearing onh' as a tliin ridge among 
surrounding tubercles and frequently is absent; smaller, 
more densely arranged dorsal tubercles; and smaller, 
less spinose ventral tubercles. Bufo pibifwus differs from 
B. coccifcr by ha\’ing: a relatively shorter snout and an 
advertisement call with a liiglier pulse rate (120 pulses 
per sec \s. maximum of 115 pulses; Table 1, Fig. 2), 
Biifo pisiwius differs from B. cpclcnicu by having: much 
smaller, and less spinose dorsolateral tubercles (large 
an<.l conspicuously spinose in B. ci/cliidcii); and smaller 
parotoid glands (about 1. 5-2.0 times size of eyelid in B. 
cpclndcn). Bufo pisiniius differs from B. i^f^uifer by having: 
a whitish-cream venter, with or without scattered black 
flecks (\-enter with bold brown-black marbling in B. 
s/y////cr); smaller pai\)toid glands (about twice size of 
eyelid in B, si^^uifer); and an advertisement call with a 
higher frequency and faster pulse rate (Table 1, Fig. 2). 
Bufo pi>hwus differs from B, ibnrrai by having: smaller, 
more rounded parotoid glands (glands in B. ibmrai ovoid, 
much liigher, and about twice size of the eyelid); and 
rounded mid-dorsal tubercles in both sexes (tubercles 
in B, ibnrnii rounded in luales, spinose in females). Bufo 
pi^iuuu> differs from B. porlcri by having: sharply spinose 
lateral tubercles in males (rounded in males of B. portcri); 
and a relatively thin supratympanic crest (large, bulbous 
in B. portcri). 

Description of holotype. — ^Bodv robust; head wider 
than long, width 39. Fo S\T, length 35.3 ^p SVL; snout 
sharph' pciinted in dorsal view, rounded in profile, 
rostral keel distinct; canthal, preorbital, supraorbital, 
pretympanic, supratympanic, and postorbital crests 
present, rlistinct; parietal crests reduced, barely distinct; 
skin on top of head co-ossified; nostril not pi\>tuberant, 
d i rect ed d o rsa 1 1 v ; ca n I h u s \\ is t r a 1 i s f o r m i n g d i s t i n ct , ra i sed , 
canthal crest; loreal region conca\'e; lip ilistinct, rounded; 
suborbital crest present, Llistinct, exteiuling from angle ot 
the jaw anteriorly to level of anterior margin ol orbit; notch 
at s\’mph\'sis of upper jaw ['>resent, distinct; evi'-nostril 
distance 5.7' r rliameter of orbit; tympanum distinct, ncxirly 
round; t\'mpamc annulus distinct only along anterior and 
\ entral margins, upper margin contacting supratympanic 
cix'st, posterior margin obscured by o\'erl\dng flesh, 
horelimb short, robust; lumd broad, with short, slender 
fingers; relative length of fingers; 11 • 1 ' IV ^ 111, webbing 
and lateral fringe on fingers absent; tips ol fingers not 
tMilargetl, smooth dorsallv, diMiiarcated pniximalK' bv 
distinct dermal fold; palmar tubercle distinct, large, 
ovoid; pollical tubi'ick' smalk’r tlian palmar tubercle. 


ovoid; subarticLilar tubercles distinct, elevated, triangular 
in profile, single except distal tubercle on Finger 111 bifid; 
supernumerai*}' tubercles ot unecjual size, small, distinct, 
scattered e\enly over palm and \'entral surfaces of 
fingers; nuptial excrescences present as brown granular 
patches on medial surfaces of Fingers 1 and II. 1 lind limbs 
short, slender, tibia length 35.8' o S\'L; foot length 38.0' r 
SVL; tarsal fold absent; outer metatarsal tubercle minute, 
elevated, ovoid; inner metatarsal tubercle slightly larger 
than outer metatarsal tubercle, distinct!)' elevated, ovoid; 
toes long, slender, relative lengths of toes: 1 < 11 < \' < 111 
< IV; lateral fringe present on Toes II, 111, and \^, absent 
on Toes 1 and IV; webbing thin, webbing formula 11 — 
3112 — 3I1I2— 41V4 — 2V; tips of toes not enlarged, smooth 
dorsally, demarcated proximal ly by distinct dermal fold; 
subarticular tubercles distinct, elevated, triangular in 
profile, bifid; supernumerar)' tubercles unequal in size, 
distinct, distributed evenly over \'entral surfaces of foot 
and toes. 

Skin on dorsum of body rugose with evenly 
distributed, small, rounded tubercles of relati\ely equal 
size, becoming sharp!)' pointed laterally; parotoid glands 
about same size as eyelids, o\ oid, oriented perpendicular 
to midline of body; lateral row of enlarged tubercles 
barely evident; dorsal surface of head smooth with tew, 
small, rounded tubercles scattered in interspaces between 
cranial crests; dorsal surfaces of limbs cox ered with small, 
weakly pointed tubercles; skin on throat and other \ entral 
surfaces granular, covered ^vith tiny tlattened and weakly 
pointed tubercles. 

Choanae small, rounded, widely spaced; teeth and 
odontoids absent; tongue long, ovoid, about four times 
as lung as wide, free posteriorly for about one-fourth its 
length; vocal slit unilateral, sinistral. 

Coloration of holotype. — In preser\ ati\ e (etiianol), 
dorsum of body and limbs mottled ex'enly with pale brown 
and dark brown markings; irregular cream blotches present 
posterior to each parotoid gland; top of head unitorm dark 
brown with distinct cream interorbital bar; distinct cream 
middorsal stripe extending ti\)m snout to posterior end 
of urostyle, irregularh' widened at several points along 
its length; lateral surfaces pale brown with dark brown 
decking. Wntral surfaces ikmiM)' immaculate cream; dark 
x’oeal sac \ isible through gular skin. 

Measurements of the holotype (in mm). — S\T.45.0, 
IIL 15.9, IIW 17. b, TL Ib.l, f'l 17.1, orbit diameter 5.4, 
txanpanum diameter 2.5, supratympanic crest length 2.7, 
parotoid gland length 5.4, parotoid glai^d width 4.8. 

Coloration in life. — Duellman ( 1 961 :21 ) described 
coloration "...\x41owisli tan gnuind color with dark brown 
spots; middorsal stripe is deep X'ellow' or cream tx^Kir. I lie 
\ enter is dust\' cream color, and the iris is pale gokl.'' 
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V»iri«ition. — Morphometric variation among specimens 
examined is summarized in Table 2. The parietal crest is 
poorly de\AToped in most specimens, and essentially 
absent in a tew individuals (e.g., UMMZ 12 1 578). Some 
individuals (e.g., UMMZ 1127*^^4) have a dark-brown 
ground color on the dorsum, w'hich eftecti\eK^ obscures 
the dark brown dorsal blotches; most specimens have a 
pale brown to grasash ground color on the dorsum, and the 
overhang brown blotches are distinct. T he brown blotches 
on the dorsum may be relati\ ely small, incorporating one 
to three dorsal tubercles (e.g., UMMZ 1 15353 |\VED 10972]), 
or the blotches mav be larger, incorporating more than 12 
dorsal tubercles (e.g., Um\\ 1Z 115353 |VVbb 10974]). The 
narrow middorsal cream stripe in\ ariably is present in all 
individualsexamined. Scattered black Hecks on the ventral 
surface may be absent (c.y., UMMZ 121 578), restricted to 
the peripheral ventral surfaces (e.g., UMMZ 1 15353 [WED 
10970]), or scattered relatively ev enly across the v’enter (e.g., 
UMMZ 115354 [WED 10976]). 

Etymology. — The name pisinmis is the l.atin word 
pisijuius, meaning small, in reference to the diminutive 
size of this species. 

Distribution and ecology . — Biifo pisimiiis is known 
only from the Tepalca tepee Valiev^, which represents the 
western extension of the Balsas Basin (Fig. 7). Duellman 
(Field Notes, 16 July I960) described the area around 
Lombardia, Michoacan, as havang grassy areas interrupted 
by areas of mesquite with many reddish rocks and barren 
areas. Duellman ( 1961 ) suggested that this species is likely 
widespread in region, but noted that it does not occur along 
the coast ot Michoacan. Duellman (1961 ) reported breeding 
clioruses in muddy ditches and Hooded grassy fields after 
heavv' rains in June and August. 

Tadpoles. — The tadpole of B. pisimiiis is unknown. 


Biifo pwrtcri new species 
Figs. 3, 11, 12 

Bjifo COCCI fer — Mover tind W'llson, 1S71 (in piirt); ItosI, |in ptirl]; 
McL ranie and W ilson, 2002 (in part); Campbell, ISOO |m part]; 1 rost, 200.2 
I in part)- 

LUtfo tharrni — 1.\ neh and Fuller, DlsS |in part]. 

Hololype. — KU 97519, and adult male from 6 mi 
[9.6 km] NE Escuela Panamericana, Cerro Uvuca, 5200 ft 
[1584 m], Francisco Morazan, Honduras, obtained bv' K. 
R. Porter on 30 June 1964. 

Paratypes. — All from Franciso Morazan, 1 londuras: 
6 mi [9.6 km] NF Escuela Panamericana, Cerro Uvuca, 
5200 ft [1584 m] (KU 97520-26); 6 mi [9.6 km] NE Escuela 
Panamericana, Cerro UvAica, 6000 ft [ 1828 m] (KU 97514); 
W slope Cerro Uv'uca, 1650 m (KU 103221); Parque 
Nacional La Tigra above San Juancito, 2100 m (KU 192294); 
Cerro La Tigra, 1840-1890 m (KU 194216-19, 209249). 




Fig. 11. Lateral aspects ot the heads of adult male specimens ot 
Bnfo porten (upper: kU ‘•)7S20) and B. ^i'^wfer (lower: AM\41 6‘')(->2h). 
Scale bar = 1 cm. 

Diagnosis. — A small to medium-sized species of 
Biifo (males to 59.9 mm SVL; females to 76.2 mm SVL), 
having the following combination of characters: (1) 
tympanum evident externallv', about 40^e diameter of 
orbit in both males and females; (2) canthal, supraorbital, 
sLipratvmpanic, postorbital, pretu'bital, pretv'mpanic, 
parietal, and supralabial crests present; (3) cranial crests 
well devek)ped, parietal crests low, thin, supratv'm panic 
crest large, bulbous; (4) tibia short, about 37L SVL; 5) feet 
short, about 37^7 SVl.; (6) middorsal tubercles sparselv’ 
arranged, rounded, becoming spinose laterallv' in females, 
all dorsal tubercles in males rc)unded, usual Iv^ becoming 
indistinct or absent laterally; (7) ventral tubercles arecTate, 
non-spinose in males, finelv' spinose in females; (8) lateral 
descending row of enlarged tubercles indistinct or absent; 
(9 ) sk i n tex t u re se x u a 1 1 v' d i m o r p h i c; ( 1 0 ) voca 1 s I i t un i 1 a te ra 1 
in male; (11) ///. iutcrliifoidciis poorly differentiated from 
III, iiifcniuvidibiihins differentiated posteriorly, forming a 
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1 ig. 12. Dorscil mk\ vontrdl jsptT ts t)l rt‘pR‘siMilaIi\ c luiult spocinuMis ot Htifo porlcn Irom rt iincisco MtHd/an, } londiiras (male, lelt; KL ‘•^7319, 
S\ 1 31 mm; U*malc', right. KU '•>7314, SVl hO.7 mm) and /v si^nifcr Panama {adult main, lolt; TNHC4 31341, S\1 4'->.7 mm, subadult temalc, 

right; Kl 11333n, S\'l, 34 I mm). 


Icirgf, imilobed \'ocal sac heavily pigemented in black; 
(12) snout shape miindc^d in lateral \de\v, weakly pc^inted 
in dorsal vie\y; (1.2) parotoid ^^lands moderate, round io 
ovoid, length about 1.00-1.25 times si/e of eyelid; (14) skin 
between cranial crests usuallv smooth, lacking tubercles; 
(15) ventral coloration is dull crcMrn w'ilh some diffuse 
grav^ [iK^ttling in some individuals. 

Bnfo portcri ma\' be distinguished irom all other 
member ot the /k cocci fer Ciroup, except />. ibarnii, the 
scwual dimorphism in ihe texture ol the dorsal skin 
and th(’ relalivelv' robust ciiinial cri'sts, especially the 
siipralym]xmic crest. Bufo portcri closely resembles Zk 
ilhirrai but difters b\' being smtiller (males to 59.9 mm 
S\4 aiui lemales to 76.2 mm S\4^ vs. males lt> S2.4 mm 
S\4. and lemales t(^ 94.4 mm S\'l ); adult male Zk portcri as 
small as 4.2.9 mm S\4. have been observed (e.g., I. SUM/ 


46421 ). The caudal musculature of the tadpole of B. portcri 
is cream with heavv' brow n punclations (See description 
by McCranie and Wilson, 2002:173; caudal musculature 
in Zk ibiirrui is uniform pale brown.) 

Description of Iiolotype. — Hodv' robust; head wider 
than long, width 40.0^ S\T., length 26. 4U SVL; snout 
sharply pointed in dorsal v iew, pointed in profile, rostral 
keel distinct; canthal, preorbital, supraorbital, pretympanic, 
supiMlymptmic, and postorbital crests present, distinct; 
supraorbital and supralv’mpanic crests distinlly thickened; 
parietal crests present, not reduced; skin on top of head 
co-(^ssified; nostril protuberant, directed dorsallv'; canthus 
rostralis forming distinct, raised, canthal crest; Kireal region 
concave; lip distinct, rounded; suborbilal crest present, 
distinct, extending from angle ol the jaw anteriorly to lev el 
o\ ank’i'ior margin ol orbit; notch al symphysis ol upper 
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j.n\v pre.sent, distinct;e\'e-nostnl distcinco 57.9' ^ didmeterof 
orbit; t\ mpdiuim distinct, nodiiv round; tympdnic annulus 
distinct only along anterior, ventral, and posteroventral 
margins; upper margin ot tympanic annulus contacting 
and obscured by supra tympanic crest. Forelimb short, 
robust; hand broad with short, slender fingers; relative 
length of fingers: II < I < IV < 111, webbing and lateral 
fringe on fingers absent; tips of fingers not enlarged, 
smooth dorsalh^ demarcated proximally by distinct 
dermal fold; palmar tubercle distinct, large, rounded; 
pollical tubercle smaller than palmar tubercle, rounded; 
subarticular tubercles distinct, elevated, triangular in 
profile, all single except distal tubercle on Finger III bifid; 
supernumerary tubercles of unequal size, small, distinct, 
scattered evenly over palm and \ entral surfaces of fingers; 
nuptial excrescences present as brown granular patches 
on medial surfaces of Fingers l-lll. Hind limbs relatively 
long, slender, tibia length 41.7'7 SVL; foot length 40.5'7 
SVL; tarsal fold absent; outer metatarsal tubercle very 
small, rounded, indistinct; inner metatarsal tubercle much 
larger than outer metatarsal tubercle, distinctly elevated, 
ovoid; toes long, slender, relative lengths of toes: I < 11 < 
V < 111 < IV; lateral fringe barely evident on Toes 111 and 
IV, absent on other toes; webbing thin, webbing formula 
II — 3112 — 31112 — 41 V4 — 2V; tips of toes not enlarged, 
smooth dorsallv, demarcated proximally bv distinct dermal 
fold; subarticular tubercles distinct, elevated, triangular in 
profile, bifid on Toes 111 and IV; supernumerary tubercles 
unequal in size, distinct, distributed evenly over ventral 
surfaces of foot and toes. 

Skin on dorsum of body relatively smooth with 
scattered, small, rounded tubercles of unequal size, many 
bearing tiny, indistinct single keratinized apices; tubercles 
on lateral surfaces indistinct, rounded or ovoid, not 
pointed; parotoid glands about same size as eyelids, ovoid, 
oriented slightly divergent to midline of body; distinct 
lateral row of enlarged tubercles absent; dorsal surface of 
head smooth with few, small, rounded tubercles scattered 
in interspaces between cranial crests; dorsal surfaces of 
limbs covered with small weakly pointed tubercles; skin 
on throat and other \ entral surfaces smoothK' granular. 

Choanae moderate in size, rounded, widely spaced; 
teeth and odontoids absent; tongue long, ovoid, about four 
times as long as wide, free posteriori}' for about one-fourth 
its length; vocal slit unilateral, dextral. 

Coloration of hololype. — In preservative (ethanol), 
body pale brown with indistinct, medium-brown marbled 
markings dittused across middorsal and lateral areas; 
distinct, thin cream middorsal stripe present; two oblong 
dull cream patches on dorsolateral areas; distinct dark 
brown bar extending across area between parietal crests 
and another covering area between canthal crests; all 
limbs with indistinct medium brown crossbars; venter 


immaculate dull cream; dark \ ocal sac clearb* visible 
through gular skin. 

Measurements of the holotype (in mm). — SVL 51.3, 
HL 18.7, HVV 20.5, TL 21.4, FL 20.8, orbit diameter 7.6, 
tympanum diameter 3.0, supratympanic crest length 3.1, 
parotoid gland length 6.9, parotoid gland width 4.8. 

Coloration in life. — McCranie and Wilson (2002:pl 
9D) pro\4ded a color photograph of this speceis; see also 
Figure 3. 

Variation. — Morphometric variation among specimens 
examined is summarized in Table 2. The parietal crests 
in females generally are well developed and distinct; 
however, the condition of the crest varies among males 
and may be relatively robust (e.g., KU 209249) or reduced 
to an indistinct, thin sliver of raised bone (e.g., KU 97523). 
The brown dorsal blotches may be very dark brown, and 
therefore quite distinct (e.g., LSUMZ 46398), or they may 
be only slightly darker than the brown ground color of 
the dorsum (e.g., LSUMZ 46445). The ventral coloration 
is either uniform dull cream (e.g., KU 103221) or bearing 
diffuse, grayish-brown marbling that ranges from 
moderate (e.g., KU 97522) to extensive (e.g., KU 194216). 
The mid dorsal cream stripe invariably is present on all 
individuals examined; this stripe is quite indistinct in a 
small number of individuals (e.g., KU 97520) and may 
appear irregular (i.e., not forming a straight line; e.g., 
LSUMZ 45441). 

Etymology. — The specific epithet is a patronym that 
honors Kenneth R. Porter and his series of papers (e.g.. 
Porter, 1963, 1964, 1965) on thesvstematicsof Mesoamerican 
Biifo, and also recognizes his numerous field efforts that 
resulted in man\' of specimens referred to lierein. 

Distribution and ecology. — Bnfo portcri is known 
from the Honduran departments of ComaNxigua, Francisco 
Morazan, and La Paz (Fig. 10). The known localities for this 
species general!}' represent Lcnver Montane Moist Forest 
habitats (e.g., McCranie and Wilson, 2001 :pl. 4C) in the 
Montanas de Comavagua region. These localities differ 
markedly from the lower ele\'ation, Drv and Arid Forest 
habitats (e.g., McCranie and Wils(.>n, 2001:pl.IC) occupied 
by B. coccifcr. 

Tadpoles. — Tadpoles referrable to B. portcri (based 
on geography) were described b\' McCranie and Wilson 
(2002: 173). The tadpole of this species resembles that of B, 
coccifcr (McDiarmid and Foster, 1981; Sax age, 2002), from 
which it is distinguished bv having submarginal papillae 
on the oral disc (absent in B. coccifcr) and cream-colored 
caudal muscidature with brown punctations (boldl}' 
marked with brown saddles in 8. coccifcr). 

Remarks. — We hax'e allocated man}' Honduran 
specimens that previouslv were referred to B. coccifcr 
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(c.g., \k'CraniL» and Wilson, 2001) to the new taxon B. 
portcri, or to B. ihurrai (discussed above, and Appendix H). 
The ditticulty ol identitying specimens from tliis country 
is exacerbated by the resemblance of B. porlcri and />. 
ibiirnii. The wide range of \ ariation among specimens of 
"B. coccifcr" Irom I londuras described bv McCranie and 
Wilson (2001 ) sei'ms to be attributable to the fact that three 
relatively similar species occur in close proximity in that 
coLintrw 

At a general level, this species appears to be 
parapatric with respect to the distribution of Btifo coccifcr. 
I'hus, the distribution and habitat associations of this 
species, w ith respect to those of B. coccifcr, resemble the 
relationship between B. coccifcr and B. ibnrnii in Guatemala 
as described by Mendelson (2001). Inasmuch as species 
of Biifo frequently are interfertile (IMair, 1^)63; Masta et ah, 
2002), it is possible that B. portcri may hybridize with B. 
coccifcr if the species co-occur on the lower slopes of the 
hacific Versant of fk)ndiiras. Similarlv, hvbrids between B. 
porlcri and B. ibnrrai eventually may be found. 

Biifo sf^nifcr new species 
Figs. 3, 11, 12 

Hiifo coccifcr Ounn, Zui'itel, 1%3; Frost, |in part, tor 

rotcroiKo ti> spocimons from ranama); \311a et al., RFSS |iii part, tor 
reterence to records trom Panama]; Carnpbetl, |in part). 

Hoiotypc. — AMNH 6%26, an adult male from 7 mi N 
[11.2 km] and 2 mi [3.2 km] W of David, Cluriquf, Panama, 
obtained b\’ R. G. Zweifel on 25 [une 1962. 

Para types. — All from Panama. Chiriquf: 7 mi [ 1 1 .2 km] 
E Concepcion (AMNl I 6%27); 2.5 mi [4.0 km] NE David 
(TNTIC 3134-43); 23 km NNE San Felix, 900 m (USNM 
297511-21 ). Code: El Valle de Anton (AMNH 59634, 59637); 
16 km S, 9 km \V Penonome, 30 m (KU 1 1 5359-61 ); 3.2 km 
\\' Agua Dulce, 15 m (KU 1 15362). I lerrera: [acinto, 2250 ft 
[686 m] (ANSI^ 22341 -44); 3 mi ]4.S km] SW Pan American 
I lw\', on road past Potuga (UMMZ 167373). Veraguas: 14 
km NF Sona, 75 m (KU 95432). 

Diagnosis. — A medium-sized species ot Bufo 
(males to 64 mm SVL; females to 77 mm S\T), having 
the following combination of characters: (1) tv inpanum 
e\4dent externalU; about 40-45C- diameter ot orbit in 
males, about 40-50' r in femak‘s; (2) canthal, supraorbital, 
supratympanic, postorbital, preorbital, pret\'mpanic, 
parietal and supralabial crests present; (3) nu)st cranial 
crests distinct and thick, iwcept parietal crests low, thin, 
sometimes intermittent; (4) tibia short, about 35C'^ S\4 .; (5) 
feet short, about 36' ^ S\'h; (6) dorsal tubercles medium- 
sized, prominent, roundetl, relativeK' denselv arranged 
middorsall\’, becoming smaller, more concentrated, and 
spinose laterallv; (7) ventral tubercles granular, with 
small, distinct spinose af^ices; (8) lateral descending rtnv 
of enlarged tubercles absent; (9) skin texture not sexuallv 


dimorphic; (10) vocal slit unilateral in male; (11) }u. 
inlcrln/oidciis poorly differentiated from ju. iulcnumulibulnris, 
but differentiated posteriori)' forming a large, unilobed 
vocal sac with heavy black p-)igmentation; (12) snout 
shape rounded in lateral view, pointed in dorsal view; 
(13) parotoid glands round to subovoid, aLxnit twice size 
ot eyelid; (14) skin between cranial crests on top of head 
usually with few, scattered, low, rounded tubercles; (15) 
ventral coloration cream with distinct, bold, brown-black 
marbled pattern, becoming indistinct over pelvic patch. 

Bufo s/yin/cr ma\' be distinguished from all other 
members of the Bufo coccifcr Group by ha\ ing a cream 
venter (u erlain with a distinct, marbled pattern of brown- 
black markings. All other species in the group have 
immaculate, or nearl)' immaculate, cream ventral surfaces 
with the exception that some individualsof F. ci/chidcu may 
have some dark brown mottling, and some indi viduals of 
B. pisijiuus ma\' ha\ e some tiny, black decks. Bufo ^i^^uifer 
differs from B. coccifcr by having: relatively thinner and 
lower parietal crests (typical!)' higher and thicker in B. 
coccifcr); relatively smaller tympana; and an advertisement 
call with a lower frequency and pulse rate (Table i. Fig. 2). 
Bufo si^^uifer is superficially quite similar to B. cifclndoi but 
differs by: being larger (males of B. ci/chidcu to 54 mm SVL, 
females to 62 mm); having a distinctly marbled ventral 
pattern (variabl)' present, but always less developed in 
B. cifclndcu); and ha\ ing generally smaller, less spinose 
tubercles overall (but this latter character is somewhat 
variable and subjective). Bufo s/yn/A’r differs from B. 
pi^iiDiiis b)'being larger (males of B. pisiuuu> to 51 mm 
S\^L, females to 62 mm) and bv having: larger middorsal 
tubercles (small in B. /)/s/u////s); larger parotoid glands 
(glands about 1.0-1. 5 times size t>f e\'elid in B. pi^iuuu^); 
spinose tubercles on the venter (granular, non-spinose in 
B. pi^ijuius); an ad \ ertisement call with a lower frequenc)' 
and pulse rate (Tablet, Fig. 2); and better-developed cranial 
crests, especialb' with respect tc> the parietal crest (crests 
weakl)' dev'eloped, and parietal crest \'er\’ reduced or 
absent in B. ;^/ss/n//s). Bufo ^i^uifer d\\icvs from B. ibarnii by 
being smaller (males of B. ibnrnii to 82 mm S\'L, females 
to 94 mm) and by hax'ing: smaller, more rounded parotoid 
glands (glands in B. ibnrnii o\ oid, about twice the size of 
the evelid); and rounded mid-dorsal tubercles in both 
sexes (tubercles in B. ibnrnii rounded in males, spinose 
in females). Bufo ^iyuifer ditters Irom B. portcri by having: 
sharph' spinose lateral tubercles in males (rounded in 
males of />. portcri); and a relatively thin supratympanic 
crest (large, bulbous in B. porlcri). 

Description of hulotype. — I5od\' robust; heat! wider 
than long, width 39. 9U, S\’L, length 34.7'7 S\4 ; snout 
sharph' pointed in dorsal v'iew, rounded in profile, rt>stral 
keel distinct; cantlial, preorbital, supraorbital, pretympanic, 
supratN'mpanic, and postorbital crests present, distinct; 
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parietal crests present, relatixely indistinct; skin on top 
of head coossified; nostril protuberant, directed dorsally; 
canthus ri>stralis forming distinct, raised, canthal crest; 
loreal region concave; lip distinct, rounded; suborbital 
crest present, distinct, extending from angle of the jaw 
anteriorl)' to level midw ay betw'cen orbit and nostril; notch 
at svmph\^sis of upper jaw' present, shallcnv, indistinct; 
eve-nostril distance 47.6'V/ diameter of orbit; tympanum 
distinct, nearl\' round; tympanic annulus distinct only 
along anteroventral margin, upper margin contacting 
supra tympanic crest, posterior margin obscured by 
overlying tlesh. Forelimb short, robust; hand broad, w ith 
short, slender fingers; relative length of fingers: 11 < 1 < 
1\^ < 111, webbing and lateral fringe on fingers absent; 
tips of fingers not enlarged, smooth dorsally, demarcated 
proximally by distinct dermal fold; palmar tubercle 
distinct, large, round; pollical tubercle smaller than palmar 
tubercle, ovoid; subarticular tubercles distinct, elevated, 
triangular in profile, single except distal tubercle on Finger 
111 bifid; supernumerary tubercles of unequal size, large, 
distinct, scattered e\'enly over palm and ventral surfaces 
of fingers; nuptial excrescences present as brown granular 
areas on entire dorsal surfaces of Fingers 1 and 11, including 
lateral surfaces of tips of fingers, lateral surfaces of distal 
phalange of Finger 111, and on inedial surface of pollical 
tubercle. Hind limbs short, slender, tibia length 34.5'7 SVL; 
foot length 35. T7 SVL; tarsal fold absent; outer metatarsal 
tubercle small, elevated, ovoid; inner metatarsal tubercle 
slightly larger than outer metatarsal tubercle, distinctly 
elevated, o\'oid; toes long, slender, relative lengths of toes: 
1 < 11 < V < 111 < 1\'; lateral fringe on toes barely evident 
on Toes 11 and III, absent on other toes; webbing thin, 
webbing formula II — 2' JU , — 3III2 — 41 V4 — 2V; 
tips of toes not enlarged, smooth dorsally, demarcated 
proximally by distinct dermal fold; subarticular tubercles 
distinct, elex ated, triangular in profile, single except two 
most distaltubercles on Finger IV and most distal tubercle 
on Finger V bifid; supernumerary tubercles unequal in 
size, distinct, distributed evenlv over \x^ntral surfaces of 
foot and toes. 

Skin on dorsum of body rugose with scattered, 
rounded tubercles of unequal size, becoming sharplv 
pointed laterally; parotc^id glands about same size as 
eyelids, slightly ovoid, oriented parallel to midline of 
bodv; lateral row of enlarged tubercles barely evident; 
dorsal surface of head smooth with few', small, rounded 
tubercles scattered in interspaces betw'een cranial crests; 
dorsal surfacesof limbs covered with small to large, mostly 
pointed tubercles; all ventral surfaces rough, co\'ered with 
small, conical tubercles. 

Choanae small, o\'oid, widely spaced; teeth and 
odontoids absent, but ventral surface of neopalatine 
appears serrate; tongue long, ovoid, about four times 
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as long as wide, free posteriorly for about one-fourth its 
length; vocal slit unilateral, dextral. 

Coloration of hololype. — In preservative (ethanol), 
dorsal areas of body and limbs mottled evenly with pale 
brown and dark brown markings, w’ith a bilateral series of 
small, oblong cream markings dorsolaterally; top of head 
uniform dark brow n wdth distinct cream interorbital bar; 
distinct cream middorsal stripe extending from snout to 
posterior end of urostyle; lateral surfaces dull brow n w'ith 
some dull cream supralabial spots. Ventral surfaces dull 
cream with indistinct pale gray markings, forming loosely 
reticulate pattern; dark vocal sac barely visible through 
gular skin. 

Measurements of the holotype (in mm). — SVL 57.1, 
HL 20.5, H\V 23.0, TL 10.9, FL 20.0, orbit diameter 8.2, 
tympanum diameter 4.4, supratympanic crest length 3.4, 
parotoid gland length 6.8, parotoid gland width 5.9. 

Coloration in life, — Original field notes by R. G. 
Zweifel ( 1 2 June 1 962) describe AMNH 69625 as '' . . .a rather 
black and w hite looking toad, the whiteness coming from 
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Fig. 13. Mtip of western Pandma ^vith dot kK'alities tor Hiifo 
indicating specimens examined, which represent all known localities. 


S( iun'hi 1C' PAm:KS, Nati KAL His'iorv MrsHi'M.TiiH UNivi;RsiT'i o\ Kansas 




[he lateml stripe^ which begins <it the porotid and runs bock 
to the groin ond by the central vertebral line. 'I he blackness 
is supplied by the dorsal blotches which are almost jet- 
black. The ground color between the blotches is dark gray. 
The side below the lateral line is a mixture of black and 
gra\'. The eyelids are a stripe with gra\'ish white and black. 
The interorbital area is black witli a grayish white band. 
The ventral surfaces are mottled gray and white; there is 
a dark gray spot in the middle posterior gular region. The 
hind legs are barred wry with dark gray and grayish white 
as are the limbs right out to the tips of tlie toes." 

Variation. — Morphometric v^ariation among specimens 
examined is summari/.ed in Table 2. The parietal crests in 
males may be relatively distinct and well formed (e.g., 
I NI IC 31343, or thev' may be essentially absent (e.g., TNHC 
31342); this crest is always relativ'ely distinct in females. 
The dorsal pattern usually consists of a contrasting array 
of dark brown or black blotches over a pale brown ground 
color, but some specimens (e.g., TNHC 46261 ) have a nearly 
uniform, dull brown dorsum. Nearly all specimens of 


this species bear a distinctiv^e, highly contrasting marbled 
pattern on the venter; this pattern is present, but less 
distinct in a few specimens (e.g., TNHC 46261, USNM 
297515, AMNH 69626). Tlie mid dorsal cream stripe is 
present in all individuals, but may be incomplete (e.g., 
AMNH 69627). 

Etymology. — The name s/y////cr Latin, meaning bearing 
marks, refers to the ventral coloration of this species. 

Reproductive biology.— The tadpole of B. sif^nifer is 
unknown. Zweifel (personal communication) found calling 
males in a "weedy, shallow, muddy roadside pool" on 25 
June 1962; also found in this pool were Ehichi^todcis sp. 
and Lcptodiicti/lus insulannn. 

Distribution and ecology. — This species is known 
from each of the disjunct areas of Tropical Dry Forest 
(Campbell and Lamar, 2004:47, color map 6) along the 
TacificCoast of Panama (Fig. 13). These regions are located 
in the vicinity of city of David, and the Province of Veraguas 
eastward toward the Canal Zone. 


MORPHOMETRIC ANALYSES 


Overall morphometric variation for all species is 
summarized in Table 2. Two Principal Components 
Analyses were conducted: one with log-transformed data, 
and one using residuals of each \ ariable regressed on SVL. 
These analyses produced similar results (not presented 
here) wherein the first PC had the greatest eigemxalue 
(and accounted for the majoritv of the variation explained) 
and represented an overall size axis. Despite reasonably 
high loadings tor variables such as TYMP and PARW on 
the second PC, plots individual scores for each specimen 
did not clearly distinguish among the species. As could be 
expected, Bnfo cocci fer showed tlie most ov'erall variation, 
while the smallest species {B. /^zszhhhs) was somewhat 
distinct from the largest species {B. iharnii) along the 
size axis (PCI). Considered togetlier, the results of these 
anabases indicate that, with the exception of overall size, 
there has been relativelv little morpivometric differentiation 
among the species in this group. 

Variable selection procedures (forward, backward, and 
stepwise) tor LL3A suggested retention of all nine vxariables. 


i.e., residuals of eight variables regressed on S\'L and 
log-transformed SVL. The cross-validated classification- 
matrix from the LDA is shown in Table 3. The majority 
of individuals of all species were correctly classified. 
Indiv iduals of Bufo sigjufer and B. porlcri were misclassified 
inconsistentlv among all other species. Bufo pi^iiinn^ and 
B. ci/cliidcfi had the greatest percentage (S6'T, 80^7) of 
correctly classified individuals, respectivelv. The small 
size of B. pisiunu:^ likely is responsible for this high degree 
of correct classification, but we note the 11 individuals of 
the quite vxiriable species B. coccifcr were misclassified as 
B. pisiinuis; this result suggests that small B. coccifcr are 
morphometricalh' similar to B. pisinnu^. Similarly, the 
relatively large size of B. ibamii likelx* is responsible for 
the relativelv high percentage (7^)' T) of correctly classified 
i!idi\'iduals of that species (and the very few indiv iduals of 
c4her species tliat were identified as B. iharrai). In general, 
these results are consistent with the results of the PCA. 
[Respite its wide range of ov'erall variation (Table 2), 77L^ 
of indiv iduals of B. coccifcr were classified correctly. 


Riblo a. C ross-volianU’ti chissihiMiion-matrix .ind over.ill comvl cKissitunbon peraMiUigcs (rmindi^a to noorest integer) trom Linear 
Discriminant Analysis based on residuals ot eight morpbomelric variables regressed on S\’I and log Iranslormed S\'J trom all species in the Bufo 
rocafer Ciri>up, anah sis includes onl\' adult males, \ alues in boldlace indicate number ot indi\ iduals conecllv classitied. 
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Table 4. \biichcr numbers and locality intormaiion lor specimens ot'/^///o used in the molecular 
analyses. CienBank accession numbers are gnen lor 16S and c\l-b. rcspecii\ely. 


Taxon 

\oucher No. 

Locahiv 

CiCnBank No 

B. iharnn 1 

LTA-FNS 1027(1 

Honduras: (.)eotcpequc 

.\V027S54, .\^ 027861 

B. ihurrai 2 

UTA-.IAC 10612 

(iualcmala: Quiche 

.\^'027855. .\>'027862 

B i'occifcr LS 

KU 200020 

11 .Sahador: Moraziin 

.W027856. A^ 027S63 

B anrifcr W 

SDSNH-Al H Ol.'’^ 

Nicaragua: Ometepe Is 

.\^'027857,.•\^■027864 

B coca/trllO 

I S.NM 5470S0 

Honduras: CiraciasA Dios 

.\V020301,.W'020303 

B. L iK i ifvr C‘K 

U We 8300S 

C osta Rica San Jose 

.'\V020302,.•\^'020304 

B. cycltulcn 

UTA-JRM 4607 

Mexico. Cjiicrrcro 

.VV027858, AY027865 

B coni ferns 

M\ Z 203775 

C osta Rica: Cartago 

i:52SOO, AV(K)8255 

B Viifliccps 

\1Z1 C-JRM 3868 

Mexico, \eracruz 

.A^mS211..•\V()n8212 

B marinus 

LTA A-50S64 

Ciuaiemala: Zacapa 

.A^■027860. A^'027867 


MOLECULAR ANALYSES 


Sequences of 547 and 410 base pairs were obtained 
for 16S and c\ t-b mtDNA genes, respectively; specimen 
information and GenBank Accession numbers are listed 
in Table 4. These sections correspond to the 4004-4536 and 
16422-16818 positions for 1 6S and cyt b, respectively, on the 
mtDNA genome of Xcnopus [Pipidae] (Roe et aL, 1985). Of 
these 956 base pairs, 765 were constant, 191 were variable, 
and 85 were considered parsimony-informativ^e characters. 
The partition-homogeneity test results indicated that trees 
from the separate genes were not significantly different 
from one another (P = LO). Parsimony analvsis of the 
16S region produced four trees. Parsimony analysis of 
the cyt-b region produced one tree that was identical the 
combined analysis shown in Figure 14. The differences 
among the 16S trees were the monophvly/paraphvlv of 
Bufo ibarnii, and the relationships among B. cocci fcr (sensu 
stricto) samples. Parsimony analysis of all nucleotide data 
combined evaluated a total of 2,027,025 trees, with the best 
tree score of 278 steps (Fig. 15) and the worst tree score of 
373 steps. The frequency distribution of trees scores had 
a mean of 351.60 steps (sd - 14.8; gj = 1.20; g^ = 0.94). The 
hLRTs selected the TrN 4 1 ^ G model (Tanuira and Nei, 
1993) as the most significant (p < 0.01; -InL - - 2612.9934) 
with base frequencies of A = 0.3071, C = 0.2448, G = 0.1620, 
T = 0.2860. The substitution rate matrix was: A-G = 6.4270, 
C-T = 12.1788, all others were equal to 1; the proportion 
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Fig. 14 Phylogenetic relationships umong samples used in 
molecular anahses; sec Table 4 for specimen information. Topology 
is shown from the maximum-parsimonv exhaustive search. Bootstrap 
values greater than 5(TT (MP/ML) are shown for each anal\sis above 
branches and decay indices are shown below. 


Table 5. Pair-w ise sequence divergence ol' 1 bS and cyt b combined for specimens o\ Bu/o used in the molecular analyses. Absolute distances are shown abo\e 
the diagonal, and Tamura-Nei corrected distances are below the diagonal. 
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35 

70 
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17 
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3. B. coccifer l:S 

0.0204 
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72 
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1 15 

4 B coccifer \\ 

0.0184 
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10 

40 

72 

101 
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5. B coccifer HO 

0.0105 

0.0173 

0.0032 

0 0032 
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40 

74 

107 

1 16 

<s. B coccifer CR 

0 0205 

0.0205 

0.0085 
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44 

75 

108 
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7. B cvclailen 

0.0832 

0.0370 

0.0440 
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0.0444 
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83 

108 

114 

8. B coni ferns 

0.0701 

0.0841 

0.0816 

0.0824 

0.0848 
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0. B nil Beeps 

0.1261 

0 1232 

0.1253 

0 1 1 06 
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0.1276 
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10 B. man fins 

0.1325 

0 1325 

0 1 358 
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0 1383 
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of inxarKible sites was 1 and the gamma shape 

parameter was G 0.4906. A \ I L hen rislic search produced 
a tree with a score of In 1. - -2609. SOI a that was slightly 
different Irom the Ml’’ tree. In the ML tree (not sliown), the 
B. ibiimii samples were basal to the remaining samples of B. 
coccifcr (sensu lato); however the mules in the MI. analysis 
differing from the MF analysis were not supported in 
the Ml. bootstrap analysis. The ML bootstrap values are 
shown for m>des supported by more than 50' o in Figure 
14. Sequence divergences for the combined I6S and cyt b 
sequences are shown for each sample in Table 5. 

The pliN’Iogenetic hypothesis generated by our 
data (Fig. 14) supports recognition of a monophyletic B. 


coccifcr Ciroup that contains both B. coccifcr and B, ibarrm 
(contra Blair, 1972). Our data indicate that both B. cyclaiiai 
and B. ibtirrai render ZL coccifcr (sensu iato) paraphvletic. 
I liis topology, and the morphological distinctness of both 
B. cycladcu and B. ilmrrai (Mendelson, 2001; this paper), 
suggest that B. coccifcr (sensu lato) represents more than one 
species. Our proposed taxonomy recognizes six species in 
this group, one of which (B. ci/cbuicn) was here reco\ ered 
as the sister to (B, coccifcr + B. ibarrai). Knowledge of the 
phylogenetic positions of B. yorfcri, /L />/s/;n///s, and B. 
sii^nifcr must await the collection of additional samples 
and molecular data from the.se species. 
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\oU- thtit Jiit.i lu‘iv hcis Kvn Idkon from 

museum Liitulogs jiul lags. W'e h.ue not altompti't) to a>rrcvt \arious 
spellings, nor to .liter onginal estinuites of dist.nue .ind ele\ alien. We 
Jo not consider it reasonable to re-estimate primars l(>calit\' data. 

Ihifo CDCCi/cr: Cosi \ Kk Ai \ii rt \; Kio Cirande (LAC \I 
Pi\i\Ki\\s: I.Skni \V Harrane.i, 20 m (KL 1 ); 4 km \V\W 1 sparta, 
4=i m IKU 6=i307 MO, (>=i3M3, nS»7 MS, h3400, h.^404-03. 03414). S\\ 
|c>si: C .iiatlalupe, IlMO m (KL o337M); l.sea/ii, 111)0 m (KU 633S0). 
Gl uimus: C'liiut iMi I abo\ e headcju.irters t>t I inca San lose, ca. o.O 
km SL C oncepeum I.as Minas (LTA A-3S110); [ mca San lose, ea. o.O 
km Si Concepcion I.as Minas on rd to Las I’resas (L I A A-3.S123-20); 
C oncepcibn Las Minas, \’alle Arriba (UTA A-47^00); 2.0 mi N intersection 
ol LA 12 and L.A-IO (LMA .\-38l20-21); 1 \i m*\: N'olcan |umay (UTA 
A-473M1). RiixmiiiL; 3.2 km \ Champerico (UTA A-23.S1 4-23); 3,7 
km ,\ Lbamperico (LTA A-2M02I-23). S\\i \ Rosa; LI CVatorio, 3.0 
km 1 C .A-S (LI A A-3SI43). El S \L\ \noK: Lmai \ii\oo; 10.3 km WNW 
C halalengo (KL lS4030-02); 10 km NL La Laima, Canton Las Lilas 
(KL 1S400.3 OM). Cls^ mi.-w: I'enandngo, Rio Qtie/alapa (KL' LS4372 
i73); 7 km W C ojii tepee) ue, 2000 ft (KIJ 07403); S km W Cojutepeque, 
2.S30 tt (KL 0740O 304); Cojutepeque, 3220 ft (KU 07303-00); 0.3 km SL 
Cojutepeque, 2320 ft (KU 07310-11); 2 km L Cojute|>eque, .3230 tt (KU 
07100). I \limRT.\n: 10 mi WV Santa Tecla (KU 4141 1-20); 3 mi W Colon 
(KU 07473-SO); 3,4 mi W La 1 ibertad, OSO ft (KU 074S7-02); San Bartolo, 
1 1 km L San Sal\ ador, 2303 ft (KU 07403). La Umom Laguna Cilomega 
(KU 1S4374). \L)U\/\\: 12 km \H Lerquin, Canton, Li Zanciido (KU 
1S437S OOO); grounds of Hotel Lerquin Lenca, Lerqum, 1130 m (KL 
20003()). S\\ Sm\ \i)Ok: 1 nn WV San Salvador (KU 42013-24); Instituto 
Tropical (KL 0IS7I 74); lo km ESan Sal\'ador, 2iS80 tt (KU 07404); 3 km SL 
llopango. Canton Asino (KL 1 S4373-77, LS4070-74); San Salvador, CTiidad 
Lniversitaria (KU LS4012-3S, IS471 3-1 0). SwiaAna; Rancho San lose, 
S00m(KL 03372). S\\\’iu\ii: 1 km E Li Carmen ( 12 km L Cojutepeque), 
2020 tt (KL 07407); 0.3 km 1 1 1 Carmen (17.3 km E Cojutepe’cjue), 2700 
ft (KU 0740 S) Mo\olras: C iioi mu \: O.S mi S Lrespire, .TSO tt (TNHC 
31401); C'holuteca (L’SN'M 107103); f.3 km NW Choluteca, 17(1 m (KU 
03373-70): San Trancisco de C o1('mi, 1130 m (KU 03374). Ei Pmomsu; 4.4 
miSW Sjnta Maria, loot) ft (KL 07312-13). i uwi 1st o Moka/ w: UL3 mi 
S La \'ente, 330 tt ( 1 \l 1C 31434); vie. ot Tegucigalpa (LSUMZ 24133-34). 
C ik \( I \s \ Oios: Rus Rtis, oO m (L SWl 347077, 347OS0); Mocoron (UTA-C IT 
LSS3 S4). Ol \\i no: I km \W C atacamas (I.ACM 4707.3-74, 213S4-SO); 
C atacamas, 400 m (KU 104214); ca. [)iilce \ombre de C ulmi, OOO m (KU 
104213). V\ii 1 : 1 mi 1 tioascoran (L.ACN! 47073-77); 3 mi 1 Cioascoran 
(I AC .\1 4707.S S2); 3.2 mi SI jicaro Cj.ilan, 230 ft (T\11C 3143o, 31430). 
\lr\Ko: Cni.\i*\s; road trom laf'acluila to Luerto Madeixi. C)\\u \: 0.1 nn 
S)t t IS3 & 100, on 1S3 (L.AL M 3Slo0 Ol ); luchitan (USNM 31 173); 4 mi S 
luchitan, l20tt(KL 07434— 12,); 1 .3 mi \ luchit.in, 120 ft (KU 07443); 3 mi 
\ luthitan, 120 tt (KL 07444— 17); 0.3 mi S liu hit.in, 140lt(KL 0744s 30); 3 
mi \ luchitan, 1 10 tt (KL' 07431 02); luchitan, 0 mi I jct h\v\s piO antt 1S3 
(l\HC 300oS);lhvv LS3, 1 4.2 mi \ )ct Hvvv I0()(]\MC 33oS2, 33oS4); 1 mi 
WV /an<itepec (1 \1 1C 31 33S); 20 mi W /anaiepec ( I \i iC 27101 ); 3 mi W 
/anatepec (T \HC 271(:>3); 10 mi W 7anatepec( I \1 1C 27202); /anaiepec 
(1\MC 27300); 17 mi T lehuantepec ( F\ 1 1C 272s2, 272S4. 272So, 272SS, 
27200, 27303); 40 mi 1' |ik hitan (T\ I IC 27201 ); edge ol lef\mtt‘pec ( 1 \1 1C 
27203,27203,20207). Nic \K\t,i \ CjKwmu shore ol I agodt* \uaragua, 
ca 2 mi from C»ranada (I .\C M 073S3). M\\\i,i \' \Lmagua, S shore's 
oi I ake Managua (I .\C \l 2SIo3 oO); ( os Robles (1 .\C \1 37037 3S. KL 
173031 33, 173033 3s);2 3kinS Tipitapa(KL 17303s). Ric \s: \'andamu‘, 
too tt ( KL 07347). / 1 w \ \ 'i;i 1 ■ I eu us C leek at 1 a I ronqiu-iM (NllH O 
I umber Llant), 3o nn W\ I’uerto C\ibe/a ( I .\C M 1 13S0S); S|ilma Sia, If^ 
km S| Waspam, C omarca de 1 I C abo (1 .\C M I 13si 3), 

Ihiftt c\fi lutlru: Mi \k o: t a 1 i t:! ko: near Lalo Blanco (I M\'l 1 00US2, 
OOhSh, L 1M\H 24.S34 3S), \altianguis ( LIMNl I 2 Ts33); Agua del t >bispo, 
KM 330 331 (I IM\(I24S30), \gua dc>l Obispo, KM 337 (L 1M\H24S40); 


4 km beyond Agua del C’lbispo ( L’l.MXl 1 24S41-45); lU'ar .Agua del CX-nspo 
(I \1\l i 006S4 S3, 0onS7 00, 103304. 1 07OS4 01, LS\\1 1134S2S.3); 
Agua del Obispo (LIMM 1 24S40, 24S4S-30, 24S73-70, 37143); Agua del 
Obispo, OSO m (KL Suh72 7.3); Agua di'l C^bispo, 2000 tt (LMM/ 1 13337 
(h specimens)). CTawc a: 3 mi S ITitla (LIMNl 1 37144-31). 

lUi/o ibmnii: Gl\u\i\i a: B \i \ \’i k \i*a/: C hilasco(L 1 A A-473U7 00); 
circa 3 km S C hilasco, ISOO m (M\ / 143370); S km LSL C hilasco. Tinea 
Miranda, b.3()0 (t [losi m| (M\'Z 1.30031); 30.2 km W\ El Rancho (L TA 
A-3010); CA-14, 20.0 mi 146.7 km] .WV LI Rancho (LI A A-3040); C.A- 
14, 30.2 km WV LI Rancho (LTA .A-3013); 4.S mi |7.7 km| SSL Lurulha, 
LlantacicSn Santa Teresa (L' TAA-74 17); o.I mi 1 14.6 km] \\ Salama (bv road 
to Luriilha)(UTA A-7432); 2.4 mi |3.0 km] W Lurulha (L TA A-S302-07); .3.3 
mi (3.6 km| \V Lurulha (L TA A-3040.3 larvae); 3.2 km \\ \\\ I\inilh<i (L I A 
A-171I7-1S); 3.3 km W western Lurulha tiirnolt (L LA A-17242-17244); 
2.7 km W western Lurulha liirnott (LI A .A-17243); 3.S km \V Lurulha, 
1336 m (KL 1S62SS-.303); 7.7 km SL Lurulha, 16)3 m (KL IS6304); 3.S 
km \V Lurulha, 1324 m (KL 100067); 4.2 km W Lurulha, 1324 m (KL 
IO006S-70); 3.4 km W Lurulha, 1324 m (KL 1O0071); 2.0 km \V l^irulha 
(L TA A-.3K143MO); Hw\ CAH7 between 14 Rancho and C oban, km 126 
(LT.A A-43077-7S); I km S San Cjeronimo (LMM/ iS40S3). Li Cji uni: 
lovabaj (KL IS6303); La Lrimawra, betwcH*n SacapuLis and Santa C rii/ 
C^uiche, 6600 tt (2012 m] (LMMZ 126.307). Ca \ir\i\i a: Amatitlan (I TA 
.\-.3S144); 1 1.2 km SW Ciuatc'mala C itv, 4600 ft (1402 m] (KL 07.303-r'»00); 

21 km SW Cuia(emala C it\-. 44S0 ft [1366 m] (KL 07610 10(, Cjuatemala 
Litv, /one 10, 4S20 tt (1460 m] (TNI 1C 3i3S4. 31.3S7, 31.30(1, 31302, 
31393, 31300, 31401-02, 31403, 3140S. 31416 20,31422,31426,31430 33); 
Ciuatemala Citv, between /one 3 and /one 13, km 2.3 (LTA A-23S24): L 
side Cjiiatemala C ity, zeme 16, I km N N’ista Hernu^sa III on road to Santa 
Rosita (L TA A-23S23-32); Santa C atarina Lnuila, San Miguel Buena \ ista, 
1700 m (UTA A-4.30S1, UTA A-47370-74); Cmatemala L ily, /one 13, \'i>la 
I lermosa III, 1310 m (L'TA.A-2SO5O-(>0); LarqvieSan lorge Muxbal, Is30m 
(UTA A-32003}. llimL r n \ wt.o: .Agiiacatan (L M.MZ 120046); 2 km \L 
Aguacalan, l64()m (L M.MZ 120047— 4s); 2.S km 1 Aguacatan, l60(hn (KU 
3S412-13); Hiiehuetenango, patio ot t \isa Maryknoll (LMMZ 124.3S2); 

22 km SsW I luehiietenango (KL 1 16030); 3 km \\ I luehuetenango, 6)00 
tt (1S30 m] ( TNHC 20432 ’ 37); at La 1 ibertad, 1700 m (M\ Z 143343-37); 
San Pedro Necta (UMMZ 13003O larvae); circa 1 km L San IVciro \c*cta, 
I6I3 m (UMMZ 110332). 1 \i \i‘\: ialapa ( INMC 33o66-72); S.3 km WV 
lalapa ( I N1 Ic 31442); 7.3 km WS\\ Ialapa, on road to Miranuindo(L T.A 
A .30114 lar\ ae); Ialapa Miramiindo rd, at km 101 (L T.A A-.3SI IS); I alda 
Oi'ste \olcan jiimav (LT.A A-47363); 1.6 mi [2.3 km] \L T.l Moje'm (LTA 
,\-3Sl 27-40); 0.7 mi’l LI km] \l LI Mo)Cm(L LA A-3S14I); Asc'rraderoSan 
Loren/o (circa 12 air km \\l Ialapa), 1723 m (LMMZ lOSOOO. 106S06 
( 10 specimens], 10(>S07 [3 specimens], I’kouuso: Liiua Bucaral (L MMZ 
l()6S0(S, 1 30316 larvae). Su \imgu/: ,3 km U IHienas ( TN! 1C . 3 1, 37S); 1.3 
mi (4.4 km] W Tinea San Ralac'l Uriasat ntienas(TNI IC 31.344. 31370 SO); 
San .Antonio (C \S70S26 27); \oican ,\gua (CAS 70710 S23), Ho\olk\s: 
Kimic \; water suppiv art'a (or La Tsperan/a (1..AC \I 43247— IS) 1.3 mi 
N1 La I speran/a (1 ACM 470'“>2 Os); 1 mi NT l a Lsperan/a (I.ACM 
1700S); La I speran/a (I AC M 4700S— 1S004); 23. 7 km NW La Lsperan/a, 
1340 m (L’SNM 323nSO 03); IS.l km NW La Lsperan/a, 1740 m (L'SNM 
323h04-0h), S 7 km NW I a I sprran/a, 1340 ni (LSNM 32.3n07); /ac'atc’ 
Bkinc o, 2020 m ( KL 104220-2 1 ); ca Migiielitcv 60.3 km si ( .racias (Dc*ptc>. 
Lempira), 13)0 m (KU 200230, 200233). Limi*ik\; 1 randique (I SL‘MZ 
46432, 4073s); ,ibove \’illa \ erde, 12S0 m (KU 200240). CLoimol 1 : 12.3 
mi I NTh'\ a \ i>t». pc'que' ( I AC M 47oSi S3);o.3 mi T Niic*\ a C4a>tc‘peciuc‘ 
(1 \CM47oSo 01); T4 204s N.ss 4h.S3'W ' (UT A A-32O(>0, 3.3n(>2}; Bc'lim 
Ciualcho, 1470 m (KL (O420S); T1 C hagiiiton, 1S70 m (KL 104200 12; 
I SNM 32.3712 13): I 1 \olcaii, 1760 m (L SNM 32.3714 IS). 

B/i/u ;uS/;/;ms; Mi\iio Mu now \\: mi on rd between Rio 

.Marcjiu'/ aiuK uatr(> C aminos ( KU 62237 41);1-<>miSC uatros Caminos 
(I AC M .37002 Oh): 7 nil ( Apat/mgan, 1100 It (L MM/ II 333s, 112704 (6 
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Specimens]); 1 mi E Apatzin^an, 1100 tt (L’MMZ 115334 [2 specimens]); 
3 mi S Lombcirdin (UMMZ 12137S); 6.2 mi E AptUzingon, 1100 0 (UMMZ 
115333 1 15 specimens], 233723). 

liufo portcri : 11om>i kas: Com.a'* ac.ua; 10.9 mi MW Sigiuitepeque 
(TNllC 31444); 6.9 mi MW' Sigiiatepeque, 3S20 0 (TNI 1C 31462, 31466); 7.5 
mi MW Siguatepeque, 3500 tt (KU 97527); 8.8 mi MW Siguatepeque (TNI IT 
31468); Siguatepeque, 3500 tt (F.MMH 4612-13); 9.8 Em SW Siguatepeque, 
1700 m (USNM 523683); 9,8 Em SW Siguatepeque, 1950 m (USNM 
523684);Montana de Comavagua above Rio Negro, 1 530 m (KU 209247). 
Fk.anuslo Mokaz.an: Monzan, 21.4 Em SE San Antonio, 4820 tt (TMl IC 
31446, 314.50, 31452, 31454); 17.1 mi S Tegucigalpa, 4900 tt (TNI 1C 31455); 
C'erro C antagallo, 1840 m (USNM 523686); NUmte Criido, nr EAI’ 6000 tt 
(AMMH 54757); La Montanuela, above Table Grande, above EAR (AMNH 
54738-59); Uyuca, above EAR, 5800 ft (AMMl 1 54760); Cerro Vyucci, 1900 
m (KU 2092.54); LT uca, above EAR, above Tatiimbla, ca. 5300 tt (AMNH 
54761); slopes of Uvuca, 4500-5000 ft (AMNH 54822); 5.5 mi SW Valle 
de Angeles (LACM’ 47970-71); 4.7 mi SW San fuancito (LACM 47972); 
8.6 mi NW Comavagiiela (LACM 59426-31 ); 5 Em W Zambrano, 1635 m 
(KU 65373); Cerro Uvuca (LSUMZ 45433, 45439^0, 45456, 46400, 46427, 
49737); Cerro La Tigra (LSUMZ 45436, 45444, 45452); Cerro La Tigra, 1840 


m (KU 194215-19, 209249); 6 mi ML Lscuela Ranamericana, C erro Uvuca, 
5400 ft (KU 97514-18); 6 mi N I' Escuela Ranamericana, C erro L’vuca, 5200 
tt (KU 97519-26); W slope Cerro Uyuca, 1750 m (KU 103220); W slope 
Cerro Uvuca, 1650 m (KU 103221); Rarque National La l igra, above San 
luancito, 2100 m (KU 192294); LI Matillo (LSUMZ 45438, 45441, 45446, 
46418; LACM 72072). La Raz: Marcala (LSUMZ 46396-98, 46401, 46405, 
46407, 46412-14, 46420, 46422-24, 46426, 46428, 4643], 46434-35, 46442, 
46445, 46448-51, 46453-55); Santa Elena, 1750 m (KU 194222); Sierra de 
Montecillos, about Tiitule, 1750 m (KU 209244). 

Bufo Panama L anai ZnNh: no further data (TNHC 46261 ). 

C HiRKjLi: Cerro Colorado, Escopeta Camp, ca 23 Em NNHSan Eelix, 900 m 
(USNM 297511 15, 297517-21); Cerro Bollo, 3.5 Em E ot Escopeta Camp, 
1800-1850 m (USNM 297516, 297522); 7 mi N and 2 mi W' David (AMNH 
69626); 7 mi E L oncepcion (AMNH 69627); Cerro Bollo, 3.5 Em E Escopeta 
Camp, ca. 1800 m (USNM 297522); 2.5 mi NE David (TNT 1C 31340-M3). 
Cocle: Agiia 1 )ulce (UMMZ 167438); El Valle, 2000 ft (ANSR 23418-19); 
El Valle de Anton ( AMNl 1 59634, 59637); 16 Em S and 9 Em W Renonome, 
30m(KU ll5359-6I);3.2Em WAguadulce, I5m(KU 115362). Herrera: 
3 mi SW Ran-Am 1 Iwv on rd past Rotuga (UVIMZ 167373); Jacinto, 22,50 
tt (ANSR 22341-44); Veraouas: 14 Em NE Sona, 75 m (KU 95432). 


